This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


r 


r 


nN 


MANUAL    OF    ZOOLOGY 


r 


\ 


MANUAL    OF     ZOOLOGY 

FOR  THE  USE  OF  STUDENTS 


WITH     A     GENERAL     INTRODUCTION     ON     THE 
PRINCIPLES     OF    ZOOLOGY 


BY 

HENRY    ALLEYNE    NICHOLSON 

M.D.,  D.SC.,  Ph.D.  (GdTT.).  F.L.S.,  F.G.S. 


REGIUS   PROFESSOR  OF   NATURAL   HISTORY 
IN  THK   UNIVERSITY  OF  ABERDEEN 


fVy\K    'VMrV^     Yy^A^^/C^AxK. 


\\>O^Xy^^^^*^'\yy.^^^ 


> 


SEVENTH  EDITION 
REWRITTEN    AND    ENLARGED 


WILLIAM    BLACKWOOD    AND    SONS 
EDINBURGH    AND    LONDON 

MDCccLxx:?^vn- *- »  :' 


All  Rights  reservtd 


■  '-A 


yfiKAR 

G 


J^cF^^ 


PREFACE  TO  THE  SEVENTH  EDITION. 


The  revision  of  a  book  dealing  with  a  subject  so  progressive 
as  Zoology  is,  under  the  best  of  circumstances,  a  difficult 
undertaking.  In  the  present  instance,  the  changes  which 
appeared  to  the  author  tp  be  needful,  if  a  satisfactory  result 
was  to  be  obtained,  were  so  numerous  that  it  did  not  seem 
possible  that  they  could  be  covered  by  anything  that  would 
ordinarily  be  understood  under  the  head  of  a  mere  "  revision." 
While,  therefore,  the  general  plan  of  the  original  work  has 
been  retained,  the  present  edition  has  been  wholly  recast, 
and,  with  the  exception  of  some  small  portions,  entirely 
rewritten.  The  work  in  its  present  form  may  thus  be 
r^;arded  as  essentially  a  new  one.  A  considerable  nimiber 
of  fresh  illustrations  have  also  been  added.  By  these,  and 
by  the  changes  which  have  been  eflfected  in  the  text,  it  is 
hoped  that  the  present  edition,  in  spite  of  the  imperfections 
which  it  doubtless  possesses,  will  be  found  to  have  been 
rendered  more  suitable  than  its  predecessors  for  the  use  of 
students  of  natural  history. 

To   Mr  Lydekker  the  author  is  much  indebted  for  the 


I 
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indication  of  errors,  and  the  suggestion  of  improvements,  with 

regard  to  the  Vertebrates  generally. 

Lastly,  the  author  regrets  that  the  portion  of  the  work 
,  dealing  with  the  Invertebrates  had  passed  through  the  press 

'  before    the    publication    of   vol.    xvii.   and  the  subsequent 

I  volumes  of  the  Reports  of  the  Challenger  Expedition. 


University,  Aberdeen, 
July  7, 1887. 
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GENERAL  INTRODUCTION. 

I.  Definition  of  Biology  and  Zoology. 

Natural  History,  strictly  speaking,  and  as  the  term  itself 
implies,  should  be  employed  to  designate  the  study  of  all 
natural  objects  indiscriminately,  whether  these  are  endowed 
with  life,  or  exhibit  none  of  those  incessant  vicissitudes  which 
collectively  constitute  vitality.  So  enormous,  however,  have 
been  the  conquests  of  science  within  the  last  century,  that 
Natural  History,  using  the  term  in  its  old  sense,  has  of 
necessity  been  divided  into  several  more  or  less  nearly  related 
branches. 

In  the  first  place,  the  study  of  natural  objects  admits  of  an 
obvious  separation  into  two  primary  sections,  of  which  the 
first  deals  with  the  phenomena  presented  by  the  inorganic 
world,  whilst  the  second  is  occupied  with  the  investigation  of 
the  nature  and  relations  of  all  bodies  which  exhibit  life.  The 
former  department  concerns  the  geologist  and  mineralogist, 
and  secondarily  the  naturalist  proper  as  well ;  the  latter 
department,  treating  as  it  does  of  living  beings,  is  properly 
designated  by  the  term  Biology  (from  jStos,  lifcy  and  Xoyos,  a 
discourse).  Biology,  in  tUm,  may  be  split  up  into  the  sciences 
of  Botany  and  Zoology,  the  former  dealing  with  plants,  the 
latter  with  animals  j  and  it  is  really  Zoology  alone  which  is 
nowadays  understood  by  the  term  Natural  History.  It  should 
also  be  borne  in  mind  that  the  science  which  deals  with  those 
forms  of  life  which  have  existed  during  previous  periods  of  the 
earth's  history  to  the  present,  and  which  is  usually  designated 
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•l)3rthe*separaie  tide  oi  ^al(Bontoiogyy  is,  in  all  strictness,  part 
and  parcel  of  Biology  proper,  and  has  no  relations  but  indirect 
ones  with  Geology.  As  living  beings  are  divisible  into  animals 
and  plants,  so  Palaeontology  falls  into  the  two  branches  of 
Palseozoology  and  Palseobotany,  of  which  the  former  is  insepar- 
ably united  with  Zoology  or  Natural  History,  while  the  latter 
is  part  of  Botany  as  ordinarily  understood.  It  is  with  animals 
and  plants  as  organisms  that  Palaeontology  has  to  deal,  and 
the  methods  of  palaeontological  inquiry  are  those  employed 
by  the  zoologist  and  the  botanist.  We  must  therefore  assign 
to  Biology  a  considerably  wider  domain  than  that  which  has 
been  allowed  to  it  by  the  earlier  workers  in  the  department  of 
Natural  History. 

It  will  be  obvious,  then,  that  in  the  attempt  to  determine 
the  limits  and  scope  of  Biology,  we  are  brought  at  the  very 
threshold  of  our  inquiry  to  the  question.  What  are  the  differ- 
ences between  dead  and  living  bodies?  Before  considering 
this  point,  however,  it  will  be  advisable  to  discuss  briefly  the 
characters  which  in  a  general  way  distinguish  what  are  known 
as  "organic"  from  "inorganic"  bodies. 


2.  Differences  between  Organic  and  Inorganic 
Matter. 

The  terms  "organic"  and  "inorganic,"  as  applied  to  the 
various  kinds  of  matter  of  which  the  universe  is  composed, 
had,  to  begin  with,  a  very  definite  signification;  the  latter 
being  applied  to  all  those  forms  of  matter  which  exist  inde- 
pendently of  the  operation  of  living  beings,  whilst  all  kinds  of 
matter  produced  by  the  vital  chemistry  of  living  beings  were 
grouped  together  under  the  former  title.  "  Inorganic  "  Chem- 
istry, for  example,  was  that  department  of  chemical  science 
which  dealt  with  the  latter  class  of  bodies ;  while  "  Organic  " 
Chemistry  concerned  itself  wholly  with  those  of  the  former 
group.  Even  at  an  early  period,  however,  some  confusion  was 
created  by  the  necessity  of  employing  the  term  "organic"  for 
accumulations  of  inorganic  matter  which  had  at  one  time 
entered  into  the  composition  of  living  beings.  Thus,  lime- 
stone is  in  one  sen«e  inorganic,  since  carbonate  of  lime,  of 
which  it  is  formed,  occurs  in  nature  quite  independently  of 
the  operation  of  living  beings.  In  another  sense,  however, 
most  limestones  are  organic,  since  the  lime  of  which  they  are 
composed  has  been  in  the  main  derived  from  the  skeletons  of 
animals  or  plants. 
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At  the  present  day,  the  term  "organic"  has  been  widely 
extended  in  its  significance  by  the  wonderful  discoveries  of 
modem  science ;  and  "  Organic  Chemistry,"  as  it  is  still  com- 
monly called,  embraces  a  much  more  extensive  field  of  inves- 
tigation than  would  be  afibrded  merely  by  those  substances 
which  are  actually  manufactured  by  living  beings.  In  addi- 
tion, namely,  to  substances  like  starch,  sugar,  fat,  and  other 
bodies  which  are  produced  solely  by  the  living  organism,  and 
which  cannot  at  present  be  artificially  generated,  we  embrace 
under  the  head  of  "Organic  Chemistry"  a  vast  number  of 
compounds  which  are  not  produced  by  living  beings,  but  are 
artificially  manufactured  by  the  chemist  in  the  laboratory. 
These  compounds  are  derived  by  various  chemical  processes 
from  strictly  organic  substances,  which  are  in  reality  the  pro- 
duct of  vital  action,  and  they  might  therefore  be  appropriately 
called  "  secondary  oiganic  bodies." 

The  link  between  the  primary  and  secondary  organic  bodies 
is  afforded  by  substances  such  as  urea^  which  is  one  of  the 
most  characteristic  of  animal  products,  and  which  was  for  a 
long  time  unknown  except  as  resulting  from  animal  life.  It  is 
now  known,  however,  as  first  showed  by  Wohler,  that  urea  is 
in  chemical  composition  identical  with  cyanate  of  ammonia,  a 
substance  which  can  be  manufactured  on  any  desired  scale  in 
the  laboratory.  There  are  many  other  compounds  which  were 
originally  only  known  as  the  products  of  vital  action,  but  which 
have  now  been  produced  by  synthetic  processes  in  the  labor- 
atory of  the  chemist ;  and  future  researches  are  likely  to  add 
largely  to  the  number  of  these. 

It  need  hardly  be  added,  that  the  term  "oiganic,"  as  ap- 
plied to  any  substance,  in  no  way  relates  to  the  presence  or 
absence  of  iife.  The  materials  which  compose  the  living  body 
are,  of  course,  "  organic  "  in  the  main,  but  they  are  equally  so 
after  death  has  occurred — at  any  rate  for  a  certain  time — ^and 
some  of  them  continue  to  be  so  for  an  indefinite  period  after 
life  has  departed.  Sugar,  for  example,  is  an  organic  product ; 
but  in  itself  it  is  of  course  dead,  and  it  retains  its  stability  after 
the  organism  which  produced  it  has  lost  all  vitality. 

The  following  are  the  more  important  characters  which  dis- 
tinguish the  various  organic  substances,  whether  directly  pro- 
duced by  living  beings,  or  secondarily  formed  by  chemical 
processes  of  different  kinds:  (i)  Inorganic  bodies  are  com- 
posed of  a  large  number  of  elements ;  and  these  elements  are 
either  simple  and  uncombined,  or  they  are  associated  into 
simple  compounds,  which  rarely  consist  of  more  than  two  or 
three  elements  united,  and  are  therefore  called  "  binary "  or 
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"ternary"  compounds.  On  the  other  hand,  organic  bbdies 
are  composed  of  few  eleni^nts,  and  these  are  always  com- 
bined. Indeed  there  are  only  four  principal  organic  elements 
—namely,  carbon,  hydrogen,  oxygen,  and  nitrogen ;  and  of 
these  the  first  is  so  much  the  most  important,  that  Organic 
Chemistry  has  been  appropriately  termed  the  "  Chemistry  of 
Carbon."  Furthermore,  the  combinations  of  the  elements  in 
organic  compounds  are  complex,  the  resulting  substances  being 
mostly  "ternary,"  "quaternary,"  or  "quinary"  compounds; 
and  there  is  generally  a  larger  number  of  atoms  or  equivalents 
of  the  combining  elements  than  is  usually  the  case  among  in- 
organic bodies.  Thus,  carbonate  of  lime  consists  of  no  more 
than  one  atom  of  calcium,  one  of  carbon,  and  three  of  oxy- 
gen. On  the  other  hand,  albumen,  which  may  be  taken  as 
a  typical  organic  substance,  consists  of  144  atoms  of  carbon, 
no  atoms  of  hydrogen,  18  atoms  of  nitrogen,  42  atoms  of 
oxygen,  and  2  atoms  of  sulphur.  Haemoglobin  (the  red  col; 
ouring-matter  of  the  blood),  again,  is  stated  by  Thudichum  to 
consist  of  no  less  than  1875  atoms  of  no  more  than  six  ele- 
ments. Iron,  however,  exists  in  the  blood,  not  improbably  in 
its  elemental  condition ;  and  copper  has  been  detected  in  the 
liver  of  the  mammalia,  and  largely  in  the  red  colouring-matter 
of  the  feathers  of  certain  birds,  in  the  latter  instance  being  in 
a  condition  of  loose  chemical  combination. 

(2.)  As  the  result  of  the  large  number  of  atoms  which  enter 
into  the  composition  of  organic  bodies,  we  find  that  substances 
of  this  class  are  singularly  unstable — the  stability  of  all  chemi- 
cal combinations,  even  amongst  inorganic  bodies,  generally  de- 
creasing in  direct  proportion  to  the  increased  number  of  atoms 
associated  in  the  compound.  Organic  bodies,  being  composed 
of  much  larger  aggregations  of  atoms  than  inorganic,  are  pro- 
portionately more  unstable;  and  this  instability  is  increased 
by  the  fact  that  many  organic  substances  contain  nitrogen,  an 
element  of  feeble  and  undecided  affinities,  and  also  by  the  fact 
that  all  those  which  are  of  natural  and  normal  occurrence  in 
the  living  body,  are  in  this  state  more  or  less  completely  per- 
meated with  water. 

Hence,  the  primary  organic  substances,  such  as  enter  di- 
rectly into  the  composition  of  living  beings,  are  so  unstable 
that  we  usually  speak  of  them  as  decomposing  or  breaking  up 
"spontaneously,"  when  removed  from  the  influence  of  the  liv- 
ing organism.  So  long  as  they  form  part  of  the  actually  living 
body,  they  are  to  some  extent  stable,  but  when  removed  from 
this  they  require  nothing  more  than  the  presence  of  oxygen, 
the  existence  of  moisture,  and  a  moderate  degree  of  warmth. 
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to  insure  their  decomposition;  These  conditions^  thou^ 
essential,  are  so  universally  present,  that  animal  and  vegetable 
matters  are  generally  considered  as  liable  to  decay  "of  them- 
selves." If,'howeveri  such  substances  be  deprived  q(  access 
of  air,  or  be  frozen}  or  have  their  water  driven  off  by  desic^- 
tion,  they  are  capable  of  retaining  th^ir  chemical  composition 
for  an  apparently  indefinite  period  of  time ;  and  one  or  other 
of  these  conditions  is  carried  out  in  all  processes  which  have 
as  their  end  the  preservation  unchanged  of  the  organic  sub^ 
stances  which  form  the  bodies  of  animals  and  plants. 


3.  Differences  beiiveen  Dead  and  Living  Bodies. 

Whilst  all  living  bodies,  whether  animal  or  vegetable,  are 
composed  essentially  of  organic  substances,  there  are  never- 
theless associated  with  the  living  organism  larger  or  smaller 
amounts  of  matter  which  is  practically  dead.  On  the  other 
hand  there  are  numerous  secondary  organic  products  which  at 
no  time  enter  into  the  composition  of  living  bodies,  and  which, 
are  therefore  just  as  much  *'  dead  "  substances  as  the  genuine 
inorganic  substances. 

The  general  distinctions  between  dead  and  living  matter  are 
the  following : — 

u.  Mode  of  Increase, — Living  bodies  possess  the  power  of 
taking  into  their  interior  certain  materials  (food),  foreign  to 
those  composing  their  own  substance,  and  of  converting  these 
into  the  materials  of  which  they  are  themselves  built  up.  This 
process  is  known  as  "  assimilation,"  and  it  is  in  virtue  of  this 
that  living  bodies  grow.  The  growth  of  the  organism,  there- 
fore, and  its  increase  in  size,  is  not  effected  by  the  mere 
addition  of  matter  from  the  outside,  but  by  the  taking  of 
matter  into  the  interior  of  the  body,  and  its  modification 
there- 

On  the  other  hand,  when  dead  bodies  increase  in  size  (as 
crystals  do  in  supersaturated  solutions),  this  is  effected  simply 
by  the  addition  of  particles  from  the  outside,  or,  as  it  is 
technically  called,  by  the  "accretion,"  instead  of  by  the 
"intussusception,"  of  matter.  The  neWly  added  particles 
undeiigo  no  change  from  their  previous  constitution,  and  the 
essential  element  of  ''assimilation"  is  thus  wanting,  so  that 
the  process  is  in  no  sense  one  of  "growth"  properly  so  called. 

b.  Cyclical  C/tange, — All  dead  matter  tends  to  assume  a 
condition  of  permanent  stability  and  repose.  Living  matter, 
on  the  other  hand,  is  .pre-emipently  distinguished  by  its  t^n- 
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dericy  to  pass  through  a  series  of  cyclical  changes,  air  the 
actions  of  living  bodies  being  accompanied  by  a  correspond- 
ing destruction  of  the  matter  by  which  these  actions  are 
effected.  All  these  cyclical  changes  are  effected  by  the  slow 
but  incessant  reduction  of  the  living  matter  of  the  organism  to 
the  non-living  condition.  Active  life,  therefore,  can  only  be 
carried  on  by  the  constant  destruction  of  portions  of  the  liv- 
ing matter  of  the  body ;  and  to  meet  the  loss  thus  caused,  it 
is  necessary  that  a  corresponding  amount  of  non-living  matter 
should  be  constantly  "  assimilated,"  and  raised  from  the  statical 
condition  of  dead  matter  to  the  dynamical  condition  of  living 
matter.  The  matter  composing  the  organism  is  thus  in  a  state 
of  constant  flux,  and  the  processes  by  which  the  living  matter 
of  the  body  is  incessantly  undergoing  destruction  and  repair 
^re  grouped  together  under  the  head  of"  metabolic  "  processes. 

c.  Relations  to  the  outside  World. — Dead  bodies  are  subject 
to  the  physical  and  chemical  forces  of  the  universe,  and  have 
no  power  of  suspending  these  forces,  or  modifying  their  action, 
even  for  a  limited  period.  On  the  other  hand,  living  bodies, 
whilst  subject  to  the  same  forces,  are  the  seat  of  something  in 
virtue  of  which  they  can  override,  suspend,  or  modify  the 
actions  of  the  physical  and  chemical  forces  by  which  dead 
bodies  are  exclusively  governed.  Dead  matter  is  completely 
passive,  unable  to  originate  motion,  and  equally  unable  to 
arrest  it  when  once  originated.  Living  matter,  so  long  as  it 
is  living,  is  the  seat  of  energy^  and  can  overcome  the  primary 
law  of  the  inertia  of  matter.  However  humble  it  may  be, 
and  even  if  permanendy  rooted  to  one  place,  every  living 
body  possesses,  in  some  part  or  other,  or  at  some  period  of 
its  existence,  the  power  of  independent  and  sponta,neous 
movement -r- a  power  possessed  by  nothing  that  is  dead. 
Similarly,  tKe  chemical  forces,  which  work  unresisted  amongst 
the  particles  of  dead  matter,  are  in  the  living  organism 
directed  harmoniously  to  given  ends,  their  action  regulated 
under  definite  laws,  and  their  natural  working  often  strikingly 
modified,  or  even  temporarily  suspended,  and  this  as  effectu- 
ally and  as  perfectly  in  the  humblest  as  in  the  highest  of 
created  beings. 

As  a  result  of  this,  dead  bodies  exhibit  nothing  but  reactions^ 
and  these  purely  of  a  physical  and  chemical  nature,  whilst  they 
show  no  tendency  to  pass  through  periodical  changes  of  state. 
On  the  other  hand,  living  bodies  exhibit  distinct  actions^  aiid 
are  pre-eminently  characterised  by  their  tendency  to  pass 
through  a  series  of  cyclical  changes,  which  follow  one  another 
in  a  regular  and  determinate  sequence. 
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d.  JRc^oductwn. — Every  living  body  has  the  power  of  re- 
producing its  like.  Directly  or  indirectly,  every  living  body 
has  the  power  of  giving  off  minute  portions  of  its  own  sub- 
stance, which,  under  proper  conditions,  will  be  developed  into 
the  likeness  of  the  parent. 


4.  Nature,  Conditions,  and  Origin  of  Life. 

Life  has  been  variously  defined  by  different  writers.  Bichat 
defines  it  as  "the  sum  total  of  the  functions  which  resist 
death;"  Treviranus,  as  "the  constant  uniformity  of  pheno- 
mena with  diversity  of  external  influences ; "  Dugbs,  as  "  the 
special  activity  of  oiganised  bodies ; "  and  B^dard,  as  "  organ- 
isation in  action."  AH  these  definitions,  however,  are  more  or 
less  objectionable,  since  they  either  really  mean  nothing,  or 
the  assumption  underlies  them  that  life  is  inseparably  con- 
nected with  organisation.  In  point  of  fact,  no  rigid  definition 
of  life  appears  to  be  at  present  possible,  and  it  is  best  to  regard 
it  as  being  simply  a  tendency  exhibited  by  certain  forms  of 
matter,  under  certain  conditions,  to  pass  through  a  series  of 
changes  in  a  more  or  less  definite  and  determinate  sequence. 
The  essential  phenomenon  of  vitality  is,  therefore,  in  the 
words  of  Herbert  Spencer,  "the  continuous  adjustment  of 
internal  relations  to  external  relations,"  and  life,  in  its  effect^ 
is  the  totality  of  the  functions  of  a  living  being.  Life,  how- 
ever, may  also  be  considered  as  a  cause,  since  amongst  the 
phenomena  presented  by  all  living  beings  there  are  some 
which  cannot  be  referred  to  the  action  of  known  physical  or 
chemical  laws,  and  which,  therefore,  temporarily  at  any  rate, 
we  must  term  "vital,"  without  in  any  way  thereby  implying 
that  they  are  not  dependent  upon  material  cauAs. 

WhSst  the  nature  of  life  thus  does  not  admit  of  rigid  defini- 
tion, we  find  that  the  phenomena  of  vitality  can  only  be  mani- 
fested under  certain  conditions,  some  of  these  being  intrinsic 
and  indispensable,  whilst  others  are  extrinsic,  and  not  in  them- 
selves, or  collectively,  essential. 

The  only  intrinsic  condition  of  life  appears  to  be  the  exist- 
ence of  a  special  ^*  physical  basis*'  as  it  has  been  termed.  We 
do  not  find,  namely,  that  the  phenomena  of  vitality  can  be 
manifested  by  any  and  every  form  of  matter.  On  the  contrary, 
and  as  might  have  been  expected  upon  a  priori  grounds,  all 
living  bodies  appear  to  be  composed  of  a  special  substance, 
which  is  the  material  basis  of  life,  and  which  seems  to  be  sub- 
stantially identical  in  all  alike.     No  living  body  is  throughout 


8  MANUAL  OF  ZOOLOGY.       ,  ^    . 

composed  of  this  living  basis,  but  all  contain  a  greater  or 
smaller  amount  of  other  materials,  which  are  in  one  sense 
dead  The  real  phenomena  of  vitality  are  conditioned,  there- 
fore, by  certain  special  portions  of  the  organism,  which  are 
alone  formed  of  this  living  matter ;  and  this  matter  in  chemical 
composition  and  physical  characters  appears  to  be  identical  in 
all  living  beings  whether  animal  or  vegetable.  ^  To  this  phy- 
sical basis  the  names  of  ^^ protoplasm "  or  '' bioplasm"  are 
applied.  The  lowest  organisms  consist  of  little  else  but 
simple  unmodified  protoplasm;  but  even  in  the  most  com- 
plex organisms  it  can  be  shown  that  their  essential  parts,  in 
which  alone  vitality  is  inherent,  are  similarly  composed  of 
protoplasmic  matter. 

As  regards  its  chemical  nature,  protoplasm  belongs  to  the 
great  group  of  substances  which  are  known  as  "  albuminoids  " 
or  "proteids,"  and  of  which  albumen  or  white-of-egg  is  a 
typical  example.  It  is  composed  of  the  four  elements,  carbon, 
hydrogen,  oxygen,  and  nitrogen,  united  into  a  proximate  com- 
pound, and  it  is  seen  in  a  moderately  pure  form  in  the  yelk 
of  eggs,  in  the  contents  of  growing  cells,  in  white  blood-cor- 
puscles, and  in  many  of  the  lower  forms  of  life.  Examined 
microscopically,  protoplasm  presents  itself  as  a  clear,  viscid, 
or  semi-fluid  substance,  commonly  containing  minute  granules, 
and  usually  small  clear  spaces  ('*  vacuoles  "),  but  not  exhibiting 
a  composition  out  of  definite  parts  or  "organs."  It  always 
contains  more  or  less  water,  and  its  precise  consistence  de- 
pends upon  the  amount  of  this  which  may  be  present. 

Protoplasm,  further,  belongs  to  the  group  of  substances 
which  are  known  as  "  colloids,"  being  incapable  of  crystallisa- 
tion, and  having  little  or  no  power  of  diffusing  itself  through 
the  pores  of  an  animal  membrane.  Hence,  protoplasm  can 
be  stored  within  the  organism,  and  retained  without  loss  within 
the  delicate  walls  of  cells.  Protoplasm  always  contains,  how- 
ever, a  larger  or  smaller  quantity  of  certain  mineral  substances, 
which  belong  to  the  group  of  the  so-called  "  crystalloids,"  be- 
ing capable  of  crystallisation,  and  having  the  power  of  ready 
transmission  through  animal  membranes. 

Lastly,  protoplasm  is  solidified  or  "coagulated"  by  exposure 

^  It  has  not  yet  been  shown  that  the  living  matter  which  we  designate 
by  the  convenient  term  of  **  protoplasm  "  has  universally  and  in  all  cases 
a  constant  and  undeviating  chemical  composition ;  and  there  is,  indeed, 
reason  to  believe  that  this  is  not  the  case.  It  is  also  certain  that  there  are  • 
other  materials,  the  exact  use  of  which  we  do  not  at  present  know,  which 
are  absolutely  essential  to  the  maintenance  of  life,  probably  even  in  its 
humblest  manifestations. 
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to  a  temperature  of  from  iio^  to  120*^  F.,  and  is  ^tainM  of  a 
red  colour  by  immiersion  in  an  ammoni^cal  solution  of  carmine. 

In  its  living  condition,  protoplasm  exhibits  the  phenomena 
which  are  characteristic  of  living  beings  in  general.  Thus 
living  protoplasm,  in  its  simplest  and  most  elementary  forms, 
has  the  power  of  assimilating  foreign  materials,  and  hence  is 
able  to  nourish  itself  and  to  grow.  Similarly,  living  protoplasm 
has  the  power  of  detaching  portions  of  its  own  substance, 
which  may  become  developed  into  new  and  independent 
beings.  Again,  living  protoplasm  has  the  power  of  movement. 
This  power  is  reduced  to  its  minimum  when  the  protoplasm  is 
confined  within  a  rigid  outer  wall  or  envelope;  but  even  in 
such  cases — as  in  vegetable  cells — we  may  often  observe  a 
circulation  or  "  rotation  "  of  the  enclosed  granules,  when  the 
protoplasm  is  diluted  with  water.  If  the  protoplasm  is  not 
confined  within  a  rigid  envelope,  it  possesses  the  power  of 
throwing  out  longer  or  shorter  prolongations  or  processes  of 
its  own  substance  ("  pseudopodia  "),  by  means  of  which  it  can 
obtain  food,  or,  if  fi-ee,  move  about  (fig.  i).  Nor  is  this  power 
of  emitting  "pseudopodia"  restricted  to  animal  protoplasm, 
since  it  is  seen  in  various  of  the  lower  plants ;  and  Dr  Francis 
Darwin  has  shown  that  the  cells  of  the  glandular  hairs  of  the 
Common  Teasel  {Dipsacus  sytvestris)  emit  mobile  filaments  of 
protoplasm  quite  similar  to  the  "  pseudopodia  "  of  many  of  the 
lower  animals.  Lastly,  we  may  infer  that  living  protoplasm,  in 
all  its  forms,  is  endowed  with  some  power  of  sensation,  though 
it  is  not  possible  to  prove  this  positively. 

While  protoplasm  is  the  only  essential  or  intrinsic  condition 
of  life,  the  phenomena  of  active  vitality  can  nevertheless  not 
be  manifested  except  under  certain  non-essential  or  extrinsic 
conditions.  In  the  absence  of  these  extrinsic  conditions,  the 
organism  may  remain  for  a  longer  or  a  shorter  period  in  a 
state  of  "  dormant "  or  "  potential "  vitality,  as  is  seen  in  the 
eggs  of  many  animals  and  the  seeds  of  many  plants,  or  as  may 
occur  in  some  cases  even  in  adult  animals  or  plants.  The 
principal  extrinsic  conditions  of  life  are  the  following : — 

I.  The  presence  of  waier^  living  protoplasm  invariably  con- 
taining a  larger  or  smaller  amount  of  water.  Complete  expul- 
sion of  water  from  the  organism  is  probably  invariably  fatal ; 
but  ordinary  desiccation,  though  it  abolishes  all  the  manifesta- 
tions of  active  vitality,  is  nevertheless  not  necessarily  destruc- 
tive to  life.  Thus  many  minute  organisms  (such  as  Rotifers, 
Nematpids,  and  Infusorians)  may  pass  under  desiccation  into 
a  condition  of  suspended  or  dormant  vitality,  becoming  again 
active  when  water  is  supplied  to  them. 


10  MANUAL  OF  ZOOLOGY. 

2.  A  certain  temperature^  varying  from  near  the  freezing- 
point  to  120°  or  130**  F.  As  regards  the  higher  animals,  the 
vital  resistance  to  changes  of  temperature  is  slight,  and  any 


Fig  j.^Protofenes pofTtctaj  one  of  the  Monera  (after  Max  SchulUe),  greatly  enlarged. 
The  organism  consists  of  a  naked  mass  of  granular  protoplasm,  which  has  the  power 
of  emitting  long  thread-like  pseudopodia. 

great  alteration  of  the  normal  temperature  of  the  body,  either 
in  the  way  of  elevation  or  reduction,  is  generally  fatal.  Such 
changes,  however,  if  not  excessive,  and  if  slowly  produced, 
may  only  give  rise  to  a  condition  of  dormant  vitality.  Thus, 
many  of  the  higher  animals  under  a  prolonged  reduction  of 
temperature  pass  into  a  condition  of  "  winter-torpidity "  ("hi- 
bernation ").  In  this  state  the  animal  functions  of  locomotion 
and  sensation  are  wholly  abolished,  and  the  purely  vegetative 
functions  of  nutrition  (such  as  respiration,  the  circulation  of 
the  blood,  and  the  like)  are  reduced  to  their  minimum. 
Among  the  higher  animals,  this  condition  is  only  possible  in 
such  forms  as  can  previously  accumulate  a  large  store  of  fat 
and  albumen  (as,  for  example,  in  the  Hedgehog  and  the  Brown 
Bear).     Conversely,  a  long-continued  maintenance  of  the  tem- 
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perature  of  the  body  at  a  level  higher  than  is  compatible  with 
active  life,  may  give  rise  to  a  condition  of  "  summer-torpidity  " 
(** aestivation").  In  this  case  the  suspension  of  active  vitality 
is  apparently  due  to  the  abstraction  from  the  tissues  of  a  cer^ 
tarn  amount  of  water.  A  temporary  torpidity  of  this  kind  may 
be  produced  in  any  climate  in  small  oiganisms  (Rotifers, 
Infusoria,  &c.);  or  it  occurs  in  hot  climates  as  a  periodic 
phenomenon  even  among  the  higher  animals  {Crocodilia^  Lepi* 
dasiren^  &c.). 

As  r^ards  the  lower  oiganisms,  the  vital  resistance  to 
changes  of  temperature  is  often  very  great  Many  of  the  lower 
forms  of  life  can  be  frozen  without  thereby  suffering  more  than 
a  temporaiy  suspension  of  vitality ;  while  certain  microscopic 
types  (bacteria  and  vibriosj  have  been  shown  in  some  cases  to 
successfully  withstand  exposure  to  a  temperature  considerably 
higher  than  the  boiling-point  of  water. 

3.  The  presence  of  free  oxygen, — As  active  life  is  dependent 
upon  the  oxidation  of  the  living  matter  of  the  body,  the 
presence  of  free  oxygen  may  be  considered  as  normally  essen* 
tial.  There  are,  however,  certain  of  the  lower  types  of  life 
(bacteria  and  vibrios)  which  appear  under  certain  circum- 
stances to  be  capable  of  exhibiting  active  vitality,  even  when 
deprived  of  oxygen. 

4.  There  are,  finally,  certain  extrinsic  conditions,  such  as 
the  presence  of  sun-light,  which  are  essential  for  the  main- 
tenance of  life  as  a  whole,  though  by  no  means  necessarily 
demanded  for  the  life  of  individuals.  Thus,  vegetable  life  is 
as  a  whole  dependent  upon  sun-light ;  and  though  animals  can 
subsist  in  darkness,  animal  life  is  in  reality  dependent  upon 
plant-life,  so  that  the  total  absence  of  the  sun  would  extinguish 
all  life  whatever. 

With  regard  to  the  question  of  the  origin  of  living  matter,  or, 
in  other  words,  of  the  origin  of  life,  it  is  to  be  noted  in  the  first 
place  that  the  question  is  one  involving  two  separate  problems, 
which  are  essentially  distinct,  and  which  under  no  circum- 
stances could  be  solved  by  similar  means.  One  of  these 
problems  relates  to  the  origin  of  life  upon  the  earth  in  the 
beginning,  and  deals  with  the  question  as  to  how  the  pri- 
mordial living  beings  were  produced.  The  solution  of  this 
problem  is,  so  far  as  science  is  concerned,  altogether  imprac- 
ticable, since  Geology  has  rendered  it  abundantly  plain  that 
we  need  never  hope  to  find  any  scientific  evidence,  direct  or 
indirect,  which  would  justify  us  in  forming  anything  beyond  a 
more  or  less  probable  hypothesis  on  the  subject. 

On  the  other  hand,  we  have  the  question  as  to  how  living 
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beings  are  produced  ntna^  and  this  is  a  problem  wholly  within 
the  sphere  of  legitimate  scientific  investigation.  Up  to  about 
the  middle  of  the  seventeenth  century  scientific  observers 
generally  believed  that  living  beings  might  be  produced  de  turvo 
from  dead  matter,  under  suitable  conditions,  without  the  pre- 
existence  of  similar  living  beings.  This  supposed  production 
of  living  beings  directly  from  dead  matter  constitutes  what  has 
been  called  '^spontaneous  generation,"  gmeratio  equivoca^  or 
"  abiogenesis."  With  regard  to  the  higher  animals  and  plants, 
there  is,  of  course,  the  absolute  certainty  that  new  individuals 
can  only  be  produced  by  reproduction,  and  therefore  through 
the  medium  of  pre-existing  individuals  of  the  same  kind.  The 
question  of  abiogenesis  is  thus  narrowed  at  the  present  day  to 
the  alleged  equivocal  generation  of  certain  low  forms  of  ani- 
mal and  vegetable  life,  all  of  which  are  microscopic,  and  most 
of  which  can  only  be  examined  under  high  powers  of  the 
microscope.  The  theory  of  abiogenesis  is  that  under  certain 
circumstances  dead  matter  may  build  itself  up  into  living 
matter,  without  the  intervention  of  already  existing  protoplasm ; 
and  that  this  process  has  not  only  occurred  once,  but  has 
always  been,  and  still  is,  regularly  and  constantly  going  on. 
Without  entering  here  into  the  complicated,  and  in  many  re- 
spects contradictory,  experimental  evidence  upon  this  subject, 
it  may  be  stated  that  there  is  not  in  the  meanwhile  any  suffi- 
cient scientific  basis  for  the  belief  that  even  the  simplest  forms 
of  animal  or  vegetable  life  are  at  the  present  day  produced 
by  any  process  of  abiogenetic  generation.  On  the  contrary, 
there  is  every  reason  to  believe  that,  whatever  may  have  been 
the  case  with  the  first  beginnings  of  life,  living  protoplasm  is 
now  invariably  derived  from  pre-existent  living  protoplasm. 


5.  Elementary  Forms  of  Living  Matter. 

A  single  microscopic  mass  of  protoplasm  may  be  capable  of 
performing  all  the  great  vital  functions,  and  may  thus  consti- 
tute an  entire  and  independent  organism.  Even  the  highest 
and  most  complex  organisms  begin  their  life  as  a  single  minute 
mass  of  protoplasm,  and  in  their  most  fully  developed  condi- 
tion are  essentially  aggregates  of  such  masses. 

As  has  already  been  seen,  simple  structureless  protoplasm 
is  in  itself  all  that  is  necessary  for  the  manifestation  of  vital 
phenomena,  but  such  protoplasm  usually  presents  itself  under 
some  definite  form.  The  most  general,  and  at  the  same  time 
|he  most  fundamental,  form  under  which  protoplasm  presents 
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itself,  is  that  of  what  is  termed  a  "  cdl,"  and  we  may  therefore 
regard  this  as  the  vital  unit.  A  "  cell,"  in  the  strict  accepta- 
tion of  the  term,  consists  of  a  mass  of  protoplasm  (the  "cell- 
contents"),  surrounded  by  a  more  or  less  rigid  envelope  (the 
"  cell-wall "),  and  having  in  its  interior  a  central  vesicular  or 
solid  body  ("the  nucleus"),  within  which  there  is  usually  a 
still  smaller  body  (the  "  nucleolus ").  Such  a  cell  (fig.  2,  A) 
may  be  microscopic  in  size,  or  may  attain  considerable  dimen-^ 
sions  (as  in  the  ovular  cell  of  many  animals). 


v-^^'-X  .^-''^'* 


Fig.  3. — A,  Isolated  cell  (ovum  of  a  Sea-UrchinX  greatly  enlarged,  w  Cell-wall  (vitelline 
membrane ");  ^  Protoplasmic  cell-contents  (**yelk");  «  Nucleus  ("germinal  ves- 
icle"); »' Nucleolus  ("germinal  spot  "X  B,  A  vegetable  cell,  greatly  enlarged,  w 
Cell-wadI ;  /  Protoplasmic  cell-contents,  showing  large  spaces  or  "  vacuoles  "  (v), 
filled  with  sap ;  m  Nucleus,  with  two  nucleoli.  C,  Gyranocyte  or  naked  cell  (young 
Amaba\  greatly  enlarged,  ec  External  layer  of  clear  protoplasm  ("  ectoplasm  ") ; 
en  Internal  mass  of  fluid,  granular  protoplasm  ("  endoplasm  ) ;  n  Nucleus;  vOne 
of  the  "vacuoles"  in  the  endoplasm;  cv  Lai^e,  permanent,  contractile  vacuole 
("  contractile  veside  ").    (After  Fol,  Sachs,  and  Leidy.) 

The  "  cell-wall,"  or  outer  envelope  of  the  cell,  may  be  re- 
garded as  formed  by  chemical  change  of  the  external  layer  of 
the  cell-contents.  It  is  thin  in  young  cells,  but  is  liable  to  be- 
come thicker  with  age,  the  nutrition  of  the  cell  being  thereby 
interfered  with,  since  the  thickness  of  the  wall  prevents  the 
free  interchange  of  matter  between  the  internal  protopl^-sm  and 
the  external  medium.  The  cell-wall  may  be  imperforate^  but 
it  is  often  tubulated  or  porous,  thus  allowing  the  contained 
protoplasm  to  give  out  external  processes  (as  in  the  ovular  cell 
of  many  animals),  or  permitting  a  direct  connection  between 
the  protoplasm  of  adjoining  cells  (as  in  many  plants).  As  a 
rule,  the  cell- wall  is  composed  of  some  albuminoid  substance, 
in  the  case  of  animal  cells;  but  is  formed  of  cellulose  or 
woody  matter  in  vegetable  cells. 

The  "cell-contents"  are  primitively  composed  of  protoplasm 
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(fig.  2,  A,  p)y  through  which  are  scattered  numerous  granules 
(probably  of  a  fatty  nature),  along,  in  many  cases,  with  minute 
dear  globular  spaces,  which  are  occupied  by  fluid,  and  which 
are  termed  "  vacuoles "  (fig.  2,  B,  v).  As  the  cell  becomes 
older,  the  protoplasm  gradually  becomes  reduced  in  amount, 
and  it  may  finally  become  whoUy  replaced  by  some  other  sub- 
stance (such  as  fat).  As  the  cell-wall  is  more  or  less  rigid,  the 
contained  protoplasm  cannot  throw  out  processes  or  ''  pseudo 
podia,"  except  in. cases  where  the  cell-wall  may  be  porous. 
An  internal  circulation,  or  "  rotation,"  of  the  protoplasm,  is, 
however,  often  observable. 

The  **  nucleus,"  or  "  endoplast,"  of  the  cell  is  a  hollow  or 
solid  body,  of  variable  form,  contained  within  the  protoplas- 
mic cell-contents  (fig.  2,  n).  It  is  usually  deeply  stained  by 
carmine,  and  it  may  be  regarded  as  a  kind  of  centre  for  the 
vital  activity  of  the  cell.  Very  oflen  the  nucleus  becomes 
smaller,  or  disappears  altogether,  as  the  cell  grows  older.  In 
other  cases,  more  than  a  single  nucleus  may  be  present.  The 
'*  nucleolus "  is  a  still  smaller  body,  contained  within  the  nu- 
cleus, and  sometimes  in  turn  containing  a  central  spot  of  still 
more  minute  dimensions.  The  nucleolus  sometimes  gives  off 
radiating  threads  or  processes  of  protoplasm  (fig.  2,  A,  «'). 

A  typical  "  cell "  is  constituted  as  above  described,  and  we 
may  regard  this  as  pre-eminently  the  elementary  form  of  living 
matter.  It  is  not  unusual,  however,  to  find  that  certain  of  the 
structures  which  are  present  in  a  typical  "  cell "  may  be  want- 
ing in  an  elementary  mass  of  protoplasm.  Thus  the  external^ 
envelope  or  "cell-wall"  is  commonly  wanting,  the  vital  unit^ 
then  consisting  of  a  mass  of  granular  and  vacuolated  proto- 
plasm, with  a  nucleus  and  nucleolus,  but  without  a  definite 
investment.  Such  a  structure  has  been  termed  a  "gymho- 
cyte  "  (fig.  2,  C).  In  such  cases,  though  no  definite  "  wall "  is 
present,  it  is  usual  to  find  that  the  outer  layer  of  the  proto- 
plasm ("  ectoplasm  ")  is  comparatively  firm,  and  at  the  same 
time  clear  and  free  from  granules ;  while  the  internal  proto- 
plasm ("  endoplasm  ")  is  comparatively  fluid,  and  is  filled  with 
granules  and  vacuoles.  Owing  to  the  absence  of  a  restraining 
wall,  the  protoplasm  of  a  "gymnocyte"  has  the  power  of 
throwing  out  variable  and  temporary  processes  of  its  own 
substance  ("  pseudopodia "),  by  means  of  which  it  obtains 
food  and  moves  about. 

In  other  cases,  again,  not  only  is  the  cell -wall  absent, 
but  the  nucleus  and  nucleolus  are  likewise  not  developed. 
In  such  a  case  we  have  to  deal  simply  with  an  independent 
mass  of  granular  protoplasm  without  a  central  nucleus,  or  a 
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ated,"  in  different  regions  of  the  body,  thus  constituting 
the  so-called  *^ tissues''  of  the  body.  The  chief  groups  of 
tissues  are  the  "connective  tissues "  (ordinary  connective  tis- 
sue, cartilage,  bone,  &c),  the  "epithelial  tissues"  (epithelium, 
epidermis),  the  "  muscular  tissues  "  (voluntary  and  involuntary 
muscles),  and  the  "  nervous  tissues "  (nerve-cells  and  nerve- 
iibres).  Each  tissue  discharges  its  own  function  in  the  econ- 
omy; and  they  are  usually  so  combined  with  one  another 
as  to  give  rise  in  the  higher  animals  and  plants  to  those 
definite  parts  or  structures  which  are  known  as  "organs." 
All  living  beings  which  possess  such  definite  "  organs "  are 
said  to  be  "  organised."  As  has  been  already  seen,  however, 
"organisation"  is  not  essential  to  life,  all  the  fundamental 
phenomena  of  vitality  being  manifested  by  apparently  struc- 
tureless protoplasm. 


6.  Aspects  in  which  a  Living  Being  may  be  studied. 

Every  living  being,  whether  animal  or  vegetable,  may  be 
studied  from  various  points  of  view,  its  investigation  from 
each  of  which  constitutes  a  special  branch  of  biological 
science.  The  aspects  under  which  a  living  being  requires  to 
be  studied,  in  order  to  obtain  a  complete  history  of  it,  are  the 
following : — 

1.  Morphology, — The  first  and  most  important  knowledge 
which  it  is  necessary  to  obtain  with  regard  to  any  animal 

lates  to  its  external  and  internal  structure.  This  constitutes 
what  is  known  as  "Morphology,"  and  embraces  not  only  a 
knowledge  of  its  internal  and  external  organisation  (anatomy), 
but  also  an  acquaintance  with  such  superficial  features  as 
colour  and  the  like,  which  are  not  strictly  anatomical.  The 
term  "  Histology  "  is  further  employed  to  designate  that  branch 
of  Morphology  which  is  specially  occupied  with  the  investiga- 
tion of  minute  or  microscopical  tissues. 

2.  Physiology. — Having  acquired  a  knowledge  of  the  form 
and  structure  of  a  living  being,  we  have  next  to  study  its  vital 
functions,  this  constituting  the  science  of  "Physiology." 
Under  this  head  we  have  to  investigate  all  the  functions 
exercised  by  living  bodies,  or  by  the  various  definite  parts  or 
organs  of  which  most  animals  are  composed.  All  these  func- 
tions come  under  three  heads : — i.  Functions  of  Nutrition, 
divisible  into  functions  of  absorption  and  metamorphosis, 
comprising  those  functions  which  are  necessary  for  the  growth 
and  maintenance  of  the  organism.     2.  Functions  of  Reproduc- 
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ticn^  whereby  the  perpetuation  of  the  species  is  secured.  3. 
Functions  of  Relation,  comprising  all  those  functions  (such  as 
sensation  and  voluntary  motion)  by  which  the  external  world 
is  brought  into  relation  with  the  organism,  and  the  organism 
in  turn  reacts  upon  the  external  world. 

Of  these  three,  the  functions  of  nutrition  and  reproduction 
are  often  collectively  called  the  functions  of  organic  or  vege- 
tative life,  as  being  common  to  animals  and  plants ;  while  the 
functions  of  relation  are  called  the  animal  functions,  as  being 
more  especially  characteristic  of,  though  not  peculiar  to, 
animals. 

3.  Development— 'V^\Ae  Morphology  deals  with  the  form 
and  structure  of  the  adult  being,  the  science  of  "  Develop- 
ment "  or  "  Embryology "  is  concerned  with  the  study  of  the 
various  changes  through  which  the  organism  passes  before  it 
assumes  its  mature  and  final  characters.  As  regards  the  higher 
animals,  these  changes  are  mostly  numerous  and  complex, 
and  the  study  of  development  constitutes  one  of  the  most 
intricate  of  the  departments  of  Biological  Science. 

4.  Geographical  Distribution, — Under  this  head  is  embraced 
a  knowledge  of  the  relations  of  each  living  being  to  the  world 
outside  it.  In  studying,  therefore,  the  "  Distribution  in  Space  " 
of  an  animal,  we  have  to  investigate  the  area  which  it  now 
inhabits,  the  conditions  of  its  existence,  and  the  like. 

5.  Distribution  in  Time, — Not  only  has  each  living  being  a 
"geographical  distribution,"  but  it  also  has  a  history  as  a 
species ;  though  it  is  only  in  the  case  of  organisms  possessing 
hard  parts  or  skeletons  that  we  can,  as  a  rule,  investigate  this 
history.  In  the  case,  therefore,  of  each  animal,  it  is  necessary 
to  investigate,  so  far  as  possible,  the  time  of  its  first  introduc- 
tion upon  the  earth,  the  duration  of  its  existence  as  a  species, 
its  geographical  range  in  past  time,  and  other  similar  points. 
The  study  of  these  questions  constitutes  a  special  department 
of  Biology,  to  which  the  name  of  "  Palaeontology  "  is  usually 
applied. 

6.  Classification  or  Taxonomy, — Under  this  head  are  em- 
braced all  those  points  which  are  connected  with  the  relations 
of  each  living  being  to  other  different  forms  of  life,  and  which 
serve  to  fix  the  place  occupied  by  any  given  type  in  the  entire 
series. 

7.  Evolution,  —  Lastly,  there  exists  a  branch  of  Biology 
which  does  not  deal  with  a  living  being  as  an  individual^  but 
which  investigates  the  origin  and  history  of  those  groups  of 
similar  individuals  which  constitute  what  are  understood  as 
species.     This  constitutes  the  science  of  "  Evolution." 
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7.  Differences  between  Animals  and  Plants. 

Living  beings,  as  has  been  seen,  are  usually  divided  into 
two  great   series,    the   one   comprising  animals,   the   other 
plants ;  and  in  accordance  with  this,  the  science  of  Biology  is 
broken  up  into  the  two  subordinate  sciences  of  Zoology  and 
Botany.     When  we  come,  however,  to  inquire  into  the  differ- 
ences which  distinguish  and  separate  animals  from  plants,  we 
find  that  these  are  by  no  means  so  clearly  marked  as  we  might 
have  expected.    In  individual  cases  it  is  often  extremely  diffi- 
cult to  come  to  any  decision  as  to  the  reference  of  a  given 
organism  to  the  animal  or  the  vegetable  kingdom ;  and  there 
are  numerous  instances  in  which  the  determination  of  this 
point  is,  with  our  present  knowledge,  largely  arbitrary.     So 
strongly,  in  fact,  has  this  difficulty  been  felt,  that  some  observers 
have  established  an  intermediate  kingdom  (the  Regnum  protis- 
ticum  of  Haeckel),  a  sort  of  no-man*s-land,  for  the  reception 
of  those  debatable  organisms  which  cannot  be  definitely  and 
positively  classed  either  among  vegetables  or  among  animals. 

In  the  case  of  the  higher  animals  and  plants,  the  difficulty 
above  alluded  to  is  not  felt ;  the  former  being  at  once  distin- 
guished by  the  possession  of  a  nervous  system,  of  motor  power 
which  can  be  voluntarily  exercised,  and  of  an  internal  cavity 
fitted  for  the  reception  and  digestion  of  solid  food.  The 
higher  plants,  on  the  other  hand,  possess  no  nervous  system 
or  organs  of  sense,  are  incapable  of  independent  locomotion, 
and  are  not  provided  with  an  internal  digestive  cavity,  their 
food  being  wholly  fluid  or  gaseous.  These  distinctions,  how- 
ever, do  not  hold  good  as  regards  the  lower  and  less  highly 
organised  members  of  the  two  kingdoms,  many  animals  having 
no  nervous  system  or  internal  digestive  cavity,  whilst  many 
plants  possess  the  power  of  locomotion ;  so  that  we  are  com- 
pelled to  institute  a  closer  comparison  in  the  case  of  these 
lower  forms  of  life. 

a.  Form. — As  regards  external  configuration,  of  all  charac- 
ters the  most  obvious,  it  must  be  admitted  that  no  absolute 
distinction  can  be  laid  down  between  plants  and  animals. 
Many  of  our  ordinary  zoophytes,  such  as  the  Hydroid  Polypes, 
the  Sea-shrubs  and  Corsds — as,  indeed,  the  name  zoophyte 
implies — are  so  similar  in  external  appearance  to  plants  that 
they  were  long  described  as  such.  Many  of  the  Polyzoa  are 
equally  plant-like  in  appearance.  Amongst  the  lower  uni- 
ceUular  forms  of  life  (Protozoa  and  Protophyta),  the  resem- 
blance in  external  form  is  so  close  as  to  entirely  preclude  the 
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employment  of  this  character  in  deciding  on  the  animal  or 
vegetable  nature  of  the  organism.  Indeed,  there  are  many  of 
these  lowly-organised  beings,  such  as  the  Volvoces  (fig.  7,  ^),  as 
to  which  it  is  still  quite  uncertain  whether  they  are  properly 
referable  to  the  animal  or  the  vegetable  kingdom.  Moreover, 
the  embryonic  forms  or  "zoospores"  of  certain  undoubted 
plants  (such  as  Protococcus  nivalis^  Vaucheria,  &c.)  are  provided 
with  ciliary  appendages,  with  which  they  swim  about  (fig.  7, 
a  and  ^),  thus  coming  to  closely  resemble  the  undoubtedly 
animal  Infusorians. 


Fig.  7.—^ Algae  and  Infusoria,  a  Ciliated  zoospores  of  Cot^erva;  h  Ciliated  zoospore 
of  Vaucheria  ;  c  Volvox  globator^  a  locomotive  fresh-water  plant  (?) ;  d  EupioUs 
charon^  one  of  the  Infusoria.    All  greatly  magnified. 

b.  Internal  Structure, — Here,  again,  no  line  of  demarcation 
can  be  drawn  between  the  animal  and  vegetable  kingdoms. 
In  this  respect  all  plants  and  animals  are  fundamentally  simi- 
lar, the  essential  structural  unit  being  in  both  the  "  cell." 

c.  Chemical  Composition. — Plants,  speaking  generally,  exhibit 
a  preponderance  of  ternary  compounds  of  carbon,  hydrogen, 
and  oxygen  —  such  as  starch,  cellulose,  and  sugar  —  whilst 
nitrogenised  compounds  enter  more  largely  into  the  compo- 
sition of  animals.  Still  both  kingdoms  contain  identical  or 
i^epresentative  compounds,  though  there  may  be  a  difference 
in  the  proportion  of  these  to  one  another.  Moreover,  the 
most  characteristic  of  all  vegetable  compounds — viz.,  cellulose 
— has  been  detected  in  the  outer  covering  of  the  Sea-squirts, 
ox  K%c\d\zx\s  {Tunicata)  \  and  the  so-called  "glycogen,"  which 
is  secreted  by  the  liver  of  the  Mammalia,  is  closely  allied  to,  if 
not  absolutely  identical  with,  dextrine,  a  substance  isomeric 
with  starch.     As  a  general  rule,  however,  it  may  be  stated 
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that  the  presence  in  any  organism  of  an  external  envelope 
of  cellulose  raises  a  strong  presumption  of  its  vegetable  nature. 
In  the  face,  however,  of  the  facts  above  stated,  the  presence 
of  cellulose  cannot  be  looked  upon  as  absolutely  conclusive. 
Another  highly  characteristic  vegetable  compound  is  Moro^ 
phyll^  the  green  colouring  -  matter  of  plants.  Any  organism 
which  exhibits  chlorophyll  in  any  quantity,  as  a  proper  ele- 
ment of  its  tissues,  is  most  probably  vegetable.  As  in  the 
case  of  cellulose,  however,  the  presence  of  chlorophyll  cannot 
be  looked  upon  as  a  certain  test,  since  it  occurs  normally  in 
certain  undoubted  animals  (^.^.,  Hydra  viridis^  the  common 
Fresh- water  Polype ;  the  Trumpet  Animalcule  or  Stentor ;  cer- 
tain Planarians,  &c.). 

d.  Motor  Power, — ^This,  though  broadly  distinctive  of  ani- 
mals, can  by  no  means  be  said  to  be  characteristic  of  them. 
Thus,  many  animals^  in  their  mature  condition  are  perma- 
nently fixed,  or  attached  to  some  foreign  object;  and  the 
embryos  of  many  plants,  together  with  some  adult  forms,  are 
endowed  with  locomotive  power  by  means  of  those  vibratile, 
hair-hke  processes  which  are  called  "cilia"  or  "flageUa,"and 
which  are  so  characteristic  of  many  of  the  lower  forms  of 
animal  life.  Moreover,  many  of  the  higher  plants  exhibit 
movements  which  are  essentially  similar  to  those  presented 
by  animals,  and  which  are  quite  as  extensive  as  is  compatible 
with  their  fixed  and  rooted  condition;  while  contractility  is 
an  inherent  property  of  vegetable  protoplasm,  just  as  much  as 
•it  is  of  that  of  animals. 

e.  Metabolic  Processes, — A  much  more  valid  distinction  be- 
tween animals  and  plants  than  is  yielded  by  any  of  the  points 
previously  considered,  is  afforded  by  the  nature  of  the  nutri- 
tive or  metabolic  processes  in  each.  Plants,  as  a  whole,  differ 
from  animals  in  possessing  the  power  of  converting  inorganic 
into  organic  matter.  The  food  of  plants  consists  of  carbonic 
acid,  ammonia,  water,  and  certain  mineral  salts,  these  being 
materials  which  occur  in  nature  independently  of  life.  Out 
of  these  stable  inorganic  materials  the  plant  has  the  power  of 
building  up  protoplasm  and  the  other  unstable  organic  com- 
pounds of  which  its  tissues  are  composed.  More  especially, 
plants  p>ossess  the  power,  denied  to  all  undoubted  animals, 
of  breaking  up  or  decomposing  carbonic  acid  gas,  retaining 
the  carbon  of  the  same  and  setting  free  the  oxygen.  For  the 
exercise  of  this  power,  however,  two  conditions  are  requisite — 
viz.,  the  presence  of  sun-light,  and  the  existence  in  the  plant- 
tissues  oi  chlorophyll. 

As  has  been  previously  seen,  chlorophyll  is  the   green 
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colouring-matter  of  plants,  but  occurs  also  in  various  animals. 
It  usually  presents  itself  in  the  form  of  minute  granules 
("chlorophyll-corpuscles"),  in  the  interior  of  which  starch- 
grains  are  formed  under  the  action  of  sun-light  As  the  power 
of  decomposing  carbonic  acid  belongs  to  the  chlorophyll- 
corpuscles,  it  follows  that  it  is  only  by  the  green  parts  of 
plants  that  this  feat  of  vital  chemistry  is  accomplished.  The 
colourless  parts  of  plants  take  no  part  in  this  action;  and 
those  plants  which  contain  no  chlorophyll  {i.e.,  Fungi)  are 
unable  to  decompose  carbonic  acid.  Hence,  such  plants 
obtain  the  organic  compounds  which  they  require  directly 
from  the  tissues  of  other  living  beings  (vegetables  or  animals), 
or  from  the  decomposing  remains  of  organisms.  What  is  the 
precise  function  of  chlorophyll  in  those  animals  which  possess 
this  colouring-matter  has  not  yet  been  determined. 

On  the  other  hand,  no  known  animal  possesses  the  power 
of  converting  inorganic  compounds  into  organic  matter,  but 
all,  mediately  or  immediately,  are  dependent  in  this  respect 
upon  plants.  All  animals,  as  far  as  is  certainly  known,  require 
ready-made  proteinaceous  matter  for  the  maintenance  of  exist- 
ence, and  this  they  can  only  obtain  in  the  first  instance  from 
plants.  Animals,  in  fact,  differ  from  plants  in  requiring  as 
food  complex  organic  bodies,  which  they  ultimately  reduce  to 
very  much  simpler  inorganic  bodies.  The  nutrition  of  animals 
is  a  process  of  oxidation  or  burning,  and  consists  essentially  in 
the  conversion  of  the  energy  of  the  food  into  vital  work ;  this 
conversion  being  eflfected  by  the  passage  of  the  food  into  living 
tissue.  Plants,  therefore,  are  the  great  manufacturers  in  nature, 
— animals  are  the  great  consumers.  The  Fungi  are,  however, 
economically  speaking,  animals.  There  are  also  various  **  car- 
nivorous "  plants  (the  Sun-dew,  Venus's  Fly-trap,  Utricularia, 
&c.)  which  are  genuine  plants  in  so  far  that  they  can  decom- 
pose carbonic  acid  and  build  up  starch,  but  which  neverthe- 
less have  the  power  of  digesting  and  absorbing  ready-made 
organic  materials  in  precisely  the  same  way  as  animals  do. 

/.  Reactions  on  the  Atmosphere. — It  may  be  roughly  stated 
that  the  process  of  "  respiration  '*  is  carried  out,  in  one  form 
or  another,  by  all  living  beings  alike,  however  simple  their 
structure  may  be.  The  essential  phenomenon  in  respiration, 
in  all  its  forms,  is  the  absorption  of  oxygen  by  the  tissues,  the 
union  of  the  same  with  the  waste  carbon  of  the  body,  and  the 
evolution  of  the  carbonic  acid  thereby  produced.  The  process 
is  therefore  one  of  the  oxidation  and  combustion  of  the 
waste  products  of  the  organism;  and  it  constitutes  just  as 
essential  a  portion  of  the  vital  processes  of  plants  as  it  does 
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o(  those  of  animals.  There  is,  however,  an  important  dis- 
tinction between  animals  and  plants  as  regards  their  reaction 
upon  the  atmosphere.  In  both  cases,  the  result  of  respiration 
is  to  add  carbonic  acid  to  the  atmosphere ;  and  in  the  case 
of  animals  this  gas  is  always  being  &chaled  into  the  air  or 
water,  since  its  evolution  by  the  respiratory  process  is  not 
interfered  with,  or  neutralised  in  any  way.  In  the  case  of 
plants,  on  the  other  hand,  not  only  is  the  respiratory  process 
less  energetic,  and  the  resulting  carbonic  acid  correspondingly 
smaller  in  amount  than  in  animals,  but  the  carbonic  acid  is 
employed  by  the  plant  as  food.  By  the  action  of  the  chloro- 
phyll during  the  daytime,  the  carbonic  acid  of  respiration  is 
thus  broken  up  into  its  constituent  carbon  and  oxygen,  the 
former  being  retained  by  the  plant,  while  the  latter  is  set  free. 
Hence,  during  the  dajrtime,  the  green  parts  of  plants  are 
constantly  exhaling  oxygen  gas  into  the  atmosphere,  the  evo- 
lution of  carbonic  acid  being  masked  or  neutralised  by  the 
process  of  digestion.  There  is  thus  maintained  an  approxi- 
mate uniformity  in  the  amount  of  carbonic  acid  present  in  the 
atmosphere.  Animals,  by  their  respiration,  and  by  the  decom- 
position of  their  bodies  after  death,  are  constantly  addmg 
carbonic  acid  to  the  atmosphere,  and  at  the  same  time  are 
incessantly  abstracting  oxygen.  Plants,  on  the  other  hand, 
are  constantly  removing  carbonic  acid  from  the  atmosphere, 
and  are  adding  oxygen  to  it  Hence  a  balance  is  kept  up,  the 
members  of  each  great  division  of  living  beings  adding  to  the 
atmosphere  the  ingredients  necessary  to  the  life  of  the  other. 


8.  Likenesses  and  Unlikenesses  in  Animals. 

It  is  a  matter  of  universal  recognition  that  there  exist 
points  of  similarity  and  dissimilarity  between  different  kinds 
of  animals.  Many  of  the  likenesses  between  animals  are  too 
obvious  to  escape  the  commonest  observation.  Thus,  it  is 
universally  recognised  that  cats  are  like  tigers,  and  that  both 
in  a  less  degree  are  like  dogs  and  wolves.  In  the  same  way 
there  is  a  general  recognition  that  there  is  a  common  likeness 
between  whales  and  fishes  and  seals,  as  there  is  also  between 
bats  and  birds.  On  the  other  hand,  many  of  the  likenesses 
and  unlikenesses  between  animals  are  more  deeply  hidden, 
and  can  only  be  determined  by  close  and  methodical  investi- 
gation. Moreover,  it  is  easy  to  discover  that  there  are  not 
only  different  grades^  but  also  different  kitids  of  likeness  and 
unhkeness  between  different  animals.    Zoology,  as  a  science. 
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is  largely  based  upon  the  study  of  the  points  of  similarity 
and  dissimilarity  among  animals,  and  the  investigation  of  the 
causes  to  which  these  are  due;  and  it  becomes  necessary, 
therefore,  to  consider  the  whole  of  this  subject  in  some  detail. 

It  has  been  already  seen  that  there  are  two  principal  aspects 
in  which  each  animal  may  be  studied.  One  of  these  is  mor- 
phohgicaljBXi^  deals  with  the  form  and  structure  of  the  animal; 
the  other  is  physiological^  and  is  concerned  with  the  manner  in 
which  the  organism  discharges  its  vital  functions.  It  is  only 
in  one  or  other  of  these  two  aspects  that  an  animal  can  either 
resemble  or  differ  from  any  other.  Any  two  animals,  there- 
fore, may  be  like  one  another  morphologically,  but  may  be 
unlike  physiologically ;  or  they  may  be  like  physiologically  and 
unlike  morphologically ;  or,  finally,  they  may  not  only  agree  in 
structure,  but  they  may  also  have  the  same  habits  of  life,  and 
may  discharge  their  physiological  functions  in  the  same  way. 

The  primary  morphological  distinction  among  animals 
arises  from  the  unicellular  or  multicellular  character  of  the 
organism.  The  simplest  organisms  retain  permanently  the 
form  of  a  simple  or  modified  "cell";  or  they  may  even  not 
reach  this,  and  may  remain  in  the  condition  of  a  "  cytode," 
or  non-nucleated  mass  of  protoplasm,  by  which  all  the  vital 
functions  are  discharged.  Such  simple  organisms  are  grouped 
together  under  the  collective  name  of  the  Protozoa.  The 
higher  animals  are  all  multicellular,  the  body  consisting  of  an 
aggregate  of  cells ;  and  these  are  grouped  together  under  the 
collective  name  of  the  Metazoa, 

a.  Specialisation  of  Functions* — Among  the  simpler  Protozoa 
the  general  protoplasm  of  the  body  discharges  indifferently 
the  functions  of  nutrition,  reproduction,  and  relation,  no  par- 
ticular portion  being  set  apart  for  the  discharge  of  any  par- 
ticular function.  Hence  Uiese  types  exhibJM||^hing  which 
can  be  properly  spoken  of  as  '^  organisation,"  nor  do  they 
show  anything  of  that  phenomenon  which  is  known  as  '^  special- 
isation of  functions."  Among  the  higher  Protozoa  there  is  a 
commencement  to  a  differentiation  of  the  protoplasm  into 
organs,  and  there  is  therefore  to  some  extent  a  physiological 
distinction  between  different  parts  of  the  organism. 

On  the  other  hand,  among  the  Metazoa^  where  the  organism 
is  an  a^egate  of  cells ^  there  is  always  to  a  greater  or  less  ex- 
tent what  has  been  happily  called  a  "  physiological  division  of 
labour";  some  of  the  cells  being  concerned  with  the  nutrition 
of  the  organism,  others  with  its  reproductive  functions,  and 
others  with  its  relations  to  the  world  outside  it. 

Hence  in  all  the  Metazoa  there  occurs,  in  varying  degrees,  a 
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Specialisation  of  functions^  or,  in  other  words,  a  setting  apart  of 
special  cells  for  the  discharge  of  special  functions.  As  the  result 
of  this  physiological  division  of  labour  among  the  constituent 
cells  of  the  organism,  there  occurs  —  in  a  similarly  varying 
degree  —  a  metamorphosis  of  the  cells  into  different  tissues. 

^cact^  pari  passu  with,  and  in  consequence  ofi  the  physio- 
logical division  of  labour  in  the  cells  of  the  organism,  there 
is  produced  an  ever-increasing  complexity  of  organic  form  and 
structure.  Moreover,  as  we  pass  upwards  from  the  lower  to 
the  higher  Metazoa^  we  find  that  the  primary  physiological 
functions  become  themselves  specialised,  becoming  broken  up 
into  numerous  secondary  functions,  each  of  which  requires 
specially  modified  cells  for  its  discharge.  It  follows  from  the 
above  that  many  of  the  morphological  characters  of  animals 
are  the  result  of  the  varying  degrees  to  which  their  functions 
are  specialised.  It  follows,  further,  that  two  animals  which 
happen  to  lead  the  same  kind  of  life,  and  which  are  therefore 
physiologically  similar,  must  necessarily  exhibit  a  certain  de- 
gree of  morphological  likeness ;  while,  conversely,  two  animals 
which  have  a  real  similarity  in  structure  may  appear  to  differ 
widely,  if  they  are  differently  specialised  from  a  physiological 
point  of  view. 

As  has  been  already  mentioned,  the  three  primary  physio- 
logical functions  of  nutrition,  reproduction,  and  relation,  which 
may  be  said  to  be  common  to  all  organisms,  are  in  the  higher 
forms  of  life  much  more  complex  than  in  the  lower.  There  is, 
therefore,  a  corresponding  increase  in  the  complexity  of  the 
organs  which  discharge  these  functions,  as  we  ascend  in  the 
animal  scale.  Among  the  lower  Metazoa  particular  groups  of 
cells  may  discharge  special  functions,  but  may  at  the  same 
time  undergo  little  or  no  modification  in  structure.  Cells  of 
this  kind,  which  are  physiologically  specialised,  while  remain- 
ing morphologically  unmodified,  constitute  what  have  been 
called  "elementary  organs."  Thus,  the  primitive  organ  of 
vision  is  only  a  group  of  epithelial  cells  capable  of  being 
excited  by  the  stimulus  of  light 

A  proper  ''organ,''  however,  in  any  higher  sense,  is  made 
np  of  specialised  or  adapted  cells,  usually  along  with  secondary 
or  subordinate  tissues,  so  arranged  as  to  form  a  more  or  less 
complex  apparatus  suited  for  the  discharge  of  a  particular 
function.  Usually,  also,  a  larger  or  smaller  number  of  organs 
will  be  found  to  be  associated  together  to  form  an  "  organ- 
qrstem,''  devoted  to  the  whole  of  some  great  series  of  func- 
tions, each  individual  organ  doing  some  subordinate  piece  of 
work  in  the  genoial  series.    Cert^^n  of  these  organ-systems — 
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namely,  those  devoted  to  nutrition  and  reproduction — are  pres- 
ent in  both  the  higher  animals  and  the  higher  plants,  and  are 
spoken  of  as  the  systems  of  "  otganic "  or  "  vegetative  "  life. 
The  organ-systems  connected  with  the  higher  or  "animal" 
life  are  those  of  locomotion  (the  skeletal  and  muscular  otgans), 
and  of  sensation  (the  nervous  system  and  organs  of  sense). 

b.  Use  and  Disuse  of  Or  gam. — ^Progressive  and  continuous 
use  of  an  organ  leads  constantly  to  an  increased  ability  on  the 
part  of  the  organ  to  discharge  its  functions,  and  commonly 
also  to  an  increase  in  its  actual  size.  A  good  example  of  this 
general  law  is  to  be  found  in  the  increased  growth  of  a  muscle 
consequent  upon  its  frequent  use. 

On  the  other  hand,  disuse  of  an  organ  leads,  in  the  first 
place,  to  a  decreased  ability  on  the  part  of  the  organ  to  dis- 
charge its  special  function.  This  is  well  seen  in  such  cases 
as  the  functional  inferiority  of  the  muscles  of  the  left  arm  to 
those  of  the  right,  in  ordinary  right-handed  individuals.  If 
the  disuse  be  long-continued,  partial  atrophy  of  the  organ 
commonly  takes  place,  and  the  ability  to  perform  the  function 
may  entirely  disappear.  If  the  disuse  be  at  all  complete,  the 
organ  may  become  a  mere  **  rudiment,"  or  "  vestige " ;  as  is 
seen,  for  example,  in  the  case  of  the  eyes  of  animals  living 
habitually  in  caves. 

c.  Laws  of  Symmetry, — ^The  higher  Metazoa  are  composed 
of  organ -systems,  which  are  usually  arranged  according  to 
some  law  of  symmetry.  In  many  forms  the  organ-systems  are 
placed  "radially"  round  a  central  point,  from  which  they 
diverge  in  a  star-like  manner.  This  "radial  s)nnmetry"  is 
seen  most  conspicuously  in  such  types  as  the  Star-fishes  (fig.  8) 
and  Sea-urchins,  but  occurs  in  many  other  organisms  which 
were  at  one  time  grouped  together  under  the  name  of  "  Radiate 
Animals." 

In  many  other  animals  the  organism  consists  of  a  succes- 
sion of  longitudinally  placed  segments,  each  of  which  is  built 
upon  the  same  plan  as  the  others,  and  some  or  all  of  which 
may  contain  a  repetition  of  certain  organs.  These  segments 
(sometimes  called  "metameres")  may  be  all  closely  similar 
to  one  another,  or  they  may  be  specialised  and  differentiated 
in  different  regions  of  the  body. 

Lastly,  when  corresponding  organs  are  placed  on  two  sides 
of  the  middle  line  of  the  body  (as  commonly  seen  in  the  ap- 
pendages of  the  body),  the  symmetry  is  said  to  be  "  bilateral." 

d.  Morphological  Type, — ^As  has  been  seen,  the  first  point  in 
which  one  animal  may  differ  from  another  is  the  d^ree  to 
which  th^  principle  of  the  physiological  division  of  labour  is 
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carried.  The  second  point  in  which  one  animal  may  differ 
from  another  is  in  its  "morphological  type";  that  is  to  say, 
in  the  fundamental  plan  upon  which  it  is  constructed.     By 


Fig.  8, — Astropecten  irrrruiaris^  viewed  from  the  upper  side,  showing  the 
*•  radial  symmetry  "  of  the  body. 

one  not  specially  acquainted  with  the  subject,  it  might  be 
readily  imagined  that  each  species  or  kind  of  animal  was 
constructed  upon  a  plan  peculiar  to  itself  and  not  shared  by 
any  other.  This,  however,  is  far  from  being  the  case ;  and 
it  is  now  imiversally  recognised  that  all  the  varied  species  of 
animals — however  great  the  apparent  amount  of  diversity 
amongst  them — may  be  arranged  under  a  very  small  number  of 
primary  morphological  types  or  plans  of  structure.  Upon  one 
or  other  of  these  plans  every  known  animal,  whether  liviog^^ 
extinct,  is  constructed.  It  follows  from  the  limited  nifniber 
of  primitive  types  or  patterns,  that  great  numbers  of  animals 
must  agree  with  one  another  in  their  morphological  type.  It 
follows,  also,  that  all  so  agreeing  can  differ  from  one  another 
only  in  the  sole  remaining  element  of  the  question — namely, 
by  the  amount  of  specialisation  of  function  which  they  exhibit. 
Every  animal,  therefore,  as  Professor  Huxley  has  well  expressed 
it,  is  the  resultant  of  two  tendencies,  the  one  morphological, 
the  other  physiological 
The  types  or  plans  of  structure,  upon  one  or  other  of  which 
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all  known  animals  have  been  constructed,  are  technically 
called  "sub-kingdoms";  and  those  generally  recognised  at 
the  present  day  are  known  by  the  names  Protozoa,  Porifera, 
Coelenterata,  Echinodermata,  Annulosa,  Mollusca,  and  Verte- 
brata.  We  have,  then,  to  remember  that  every  member  of 
each  of  these  primary  divisions  of  the  animal  kingdom  agrees 
with  every  other  member  of  the  same  division  in  being  formed 
upon  a  certain  definite  plan  or  type  of  structure,  and  differs 
from  every  other  simply  in  the  grade  of  its  organisation,  or, 
in  other  words,  in  the  degree  to  which  it  exhibits  specialisation 
of  function. 

^.  HomoloQf  of  Organs. — "  Homology  "  is  defined  as  identity 
of  structure  in  parts  or  organs,  independently  oi  function.  It 
does  not  matter  to  what  use  two  organs  may  be  put  by  the 
animals  possessing  them,  so  long  as  it  can  be  shown  that  they 
are  built  upon  the  same  fundamental  plan.  In  that  case  they 
are  said  to  be  "  homologous  "  organs  (fig.  9).     For  example, 


Fig.  9.— A,  Arm  of  Man ;  B,  Fore-leg  of  Dor ;  C,  Wing  of  Bird,    k  Humerus ; 
r  Radius ;  u  Ulna ;  c  Carpus  ;  m  Metacarpus ;  /  Phalanges. 

the  arm  of  a  man,  the  fore-leg  of  a  dog,  the  flipper  of  a  whale, 
the  wing  of  a  bird,  and  the  pectoral  fin  of  a  fish,  are  constructed 
upon  the  same  morphological  type,  and  are  therefore  homolo- 
gous organs,  altogether  irrespective  of  the  fact  that  their  func- 
tions are  for  the  most  part  different.  Homology  is  therefore 
really  a  proof  of  the  common  origin  of  two  organs,  however 
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much  they  have  been  subsequently  modified  in  accordance 
with  physiological  requirements.  It  follows  that  morpho- 
logical or  homological  likenesses  are  the  only  ones  of  im- 
portance in  determining  the  genealogy  and  systematic  position 
of  an  animal. 

The  forms  of  "  symmetry "  already  spoken  of  depend  in 
reality  upon  the  arrangement  of  homologous  organ-systems. 
Thus,  "radial  symmetry"  is  dependent  upon  the  fact  that 
the  body  is  composed  of  homologous  parts  radiately  disposed. 
"  Serial  homology,"  again,  is  when  the  animal  is  composed  of 
a  succession  of  homologous  parts  arranged  in  a  longitudinal 
series.  This  is  exceedingly  well  seen  in  forms  like  the  Lobster, 
the  Centipede,  and  other  Annulose  animals,  in  which  the  body 
is  composed  of  a  series  of  homologous  segments,  carrying  on 
both  sides  appendages  which  are  likewise  homologous,  and 
which,  therefore,  exhibit  "bilateral  symmetry."  The  appen- 
dages, however,  though  actually  constructed  upon  the  same 
fundamental  plan,  may  be  much  modified  in  different  regions 
of  the  body,  some  being  adapted  for  locomotion,  some  for 
prehension,  some  for  mastication,  and  so  on.  While  "  lateral 
homology  "  indicates  the  morphological  identity  of  the  appen- 
dages on  the  two  sides  of  the  body,  the  term  "  vertical  homo- 
logy" is  sometimes  used  to  express  the  similar  structural 
identity  which  may  exist  between  the  anterior  and  posterior 
appendages  on  the  same  side  of  the  body.  A  good  example 
of  this  is  seen  in  the  homology  of  the  front  and  hind  limbs  of 
Vertebrate  animals. 

/.  AncUogy  of  Organs, — On  the  other  hand,  whenever  we 
find  in  different  animals  organs  fulfilling  the  same  purpose  and 
doing  the  same  work,  then  we  have  to  deal  with  a  case  of 
analogy — the  organs  are  analogous^  and  the  one  is  said  to  be 
the  analogue  of  the  other.  In  other  words,  those  parts  or 
organs  are  analogous  which  resemble  one  another  physio- 
logically and  discharge  the  ssimt  functions,  wholly  irrespective 
of  what  their  fundamental  structure  may  be.  In  most  cases 
the  organs  which  would  ordinarily  be  called  "analogous"  are 
such  as  differ  from  one  another  in  structure,  at  the  same  time 
that  they  discharge  the  same  duties.  Thus  the  wings  of  a  bird 
and  the  wings  of  an  insect  are  analogous  otgans,  since  they  are 
both  organs  of  flight,  and  serve  to  sustain  their  possessor  in 
the  air.  They  are,  however,  in  no  way  similar  to  one  another, 
except  when  regarded  from  this  physiological  point  of  view ; 
and  they  differ  sdtogether  frOm  a  morphological  aspect,  being  in 
no  way  formed  on  the  same  fundamental  plan.  It  often  happens, 
however,  that  "analogous"  organs  have  the  deeper  relation 
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to  one  another  of  being  constructed  upon  the  same  morpho- 
logical plan,  in  which  case  they  are  both  analogous  and  homo- 
logous. Thus,  the  1^  of  man  and  the  hind-leg  of  a  dog  are 
both  analogous  and  homologous,  since  they  are  constructed 
upon  the  same  plan  and  discharge  similar  functions. 

g,  Hotnomorpkism, — Many  examples  occur,  both  among 
animals  and  among  plants,  in  which  families  widely  removed 
from  one  another  as  to  their  fundamental  structure,  neverthe- 
less present  a  singular,  and  sometimes  extremely  close,  resem- 
blance in  their  external  characters.  Thus  the  composite  Hy- 
droid  Zoophytes  and  the  Polyzoa  are  singularly  like  one  another 
— so  much  so,  that  they  have  often  been  classed  together  ;- 
whereas,  in  reality,  they  belong  to  different  sub-kingdoms. 
Many  other  cases  of  this  resemblance  of  different  animals 
might  be  adduced,  and  in  many  cases  these  *'  representative 
forms  *'  appear  to  be  able  to  fill  each  other's  places  in  the 
general  economy  of  nature.  This  is  so  far  true,  at  any  rate, 
that  "  homomorphous  "  forms  are  generally  found  in  different 
parts  of  the  earth's  surface.  Thus,  the  place  of  the  Cacti  of 
South  America  is  taken  by  the  Euphorbise  of  Africa ;  or,  to 
take  a  zoological  illustration,  many  of  the  different  orders  of 
Mammalia  are  represented  in  the  single  order  Marsupialia  in 
Australia,  in  which  country  this  order  has  almost  alone  to  dis- 
charge the  functions  elsewhere  performed  by  several  orders. 
Speaking  generally,  the  likeness  between  homomorphous  types 
may  be  considered  to  be  physiological  or  adaptive  in  its  nature, 
and  to  be  the  result  of  a  similar  environment  and  habit  of  life. 

//.  Protective  Resemblances, — A  large  number  of  animals 
exhibit  peculiarities  of  colour  or  form,  by  which  they  are 
rendered  difficult  of  detection  when  living  in  their  natural, 
haunts.  Such  peculiarities  are  spoken  of  as  "protective  re- 
semblances," since  they  serve  to  protect  the  animal  from  its 
natural  foes,  or,  in  other  cases,  render  it  easier  for  the  animal 
to  steal  unobserved  upon  its  prey.  Good  examples  of  such 
protective  resemblances  are  found  in  the  white  covering  of 
many  Arctic  animals,  or  the  tawny  or  sandy  colours  which  are 
commonly  prevalent  among  animals  inhabiting  deserts.  In 
some  cases,  as  among  the  insects  known  as  Walking-leaves 
{Phy Ilium,  fig.  lo),  these  protective  resemblances  are  carried 
to  an  extraordinary  degree  of  perfection. 

/'.  Mimicry, — The  remarkable  phenomenon  known  as 
"mimicry"  consists  in  the  close  resemblance  which  certain 
animals  assume  to  others,  not  necessarily  nearly  related  to 
them,  by  which  they  derive  some  protection  from  their  natural 
enemies.     This  resemblance  is  often  so  close  that  it  looks  as 
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if  the  one  animal  had  copied  the  other,  though,  of  course, 
there  is  no  conscious  action  in  the  case.  A  good  example  of 
this  is  to  be  found  in  the  close  resemblance  which  the  "clear- 


Fig,  xo.— Walking-Leaf  Insect  {PhylUum). 

winged  Moths  "  exhibit  to  Hornets  and  Wasps,  and  by  which 
they  are  protected  against  the  attacks  of  birds.  Still  more 
striking  examples  are  found  among  Butterflies,  where  one 
species,  which  would  itself  be  naturally  liable  to  be  eaten  by 
birds,  puts  on  the  form  and  coloration  of  another  species, 
which  is  protected  against  the  attacks  of  birds  by  the  posses- 
sion of  some  disagreeable  secretion.  In  other  cases,  the  object 
of  the  mimicry  is  not  strictly  protective,  but  the  mimetic  species 
avails  itself  of  its  likeness  to  the  species  which  it  mimics,  for 
the  purpose  of  stealing  into  the  nests  of  the  latter,  and  of 
depositing  its  eggs  therein. 

J,  Correlation  of  Organs, — ^What  is  understood  by  the 
term  "  correlation  of  growth,"  or  "  correlation  of  organs,"  is 
the  occurrence  of  some  organ  or  structure  in  association  with 
some  other  organ  or  structure,  with  which  it  is  not  connected 
by  any  obvious  or  discoverable  link.     Thus,  milk-glands  are 
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"  correlated  "  with  the  possession  of  two  occipital  condyles  and 
of  a  simple  mandible ;  a  stomach  adapted  for  rumination  is 
correlated  with  the  possession  of  only  two  functional  toes  to 
the  foot,  and  the  absence  of  the  central  upper  incisors ;  an  in- 
flected angle  of  the  lower  jaw  is  correlated  with  the  possession 
of  "  marsupial  bones  "  or  "  marsupial  cartilages  ";  a  covering  of 
feathers  is  correlated  (in  living  forms)  with  saddle-shaped  faces 
to  the  bodies  of  the  cervical  vertebrae.  The  above  will  serve 
to  illustrate  the  general  nature  of  the  law  of  correlation  of 
growth.  Stated  in  its  most  general  form,  this  law  asserts  that 
all  the  parts  of  the  organism  stand  in  some  relation  to  each 
other,  the  form  and  characters  of  each  being  to  some  extent 
dependent  on,  and  connected  with,  the  form  and  characters  of 
all  the  rest.  By  the  help  of  this  law  it  is  often  possible  to  infer 
from  one  organ  the  structure  of  the  remainder  of  the  organism. 
Thus,  if  we  were  acquainted  with  no  other  part  of  some  animal 
than  its  skull  alone,  and  if  we  found  that  that  skull  possessed  two 
occipital  condyles,  and  that  each  half  of  the  lower  jaw  was  com- 
posed of  a  single  piece,  we  should  be  justified  in  concluding 
that  the  animal  to  which  the  skull  belonged  possessed  mammary 
glands.  We  should  also  be  justified  in  inferring  many  other 
facts  about  it,  as,  for  example,  that  it  possessed  (or  might  have 
possessed)  a  hairy  covering  to  the  body,  that  its  blood  was  hot, 
and  that  it  possessed  non-nucleated  red  blood-corpuscles.  Simi- 
larly, if  we  met  with  a  mammalian  lower  jaw,  the  angle  of  which 
was  bent  inwards,  or  "  inflected,"  we  should  be  warranted  in  con- 
cluding that  the  animal  to  which  it  belonged  possessed  ''  mar- 
supial bones  "  or  cartilages  on  the  brim  of  the  pelvis,  and  that 
the  young  were  born  in  a  very  imperfect  state  of  development. 
The  law  of  the  correlation  of  organs,  first  fully  established 
by  Cuvier,  is  one  of  the  greatest  value  in  the  investigation  of 
extinct  organisms,  where  it  is  never  possible  to  examine  more 
than  a  limited  portion  of  the  animal.  It  is  to  be  remembered, 
however,  that  the  law  is  a  purely  empirical  one,  and  expresses 
nothing  more  than  the  result  of  experience ;  so  that  structures 
which  we  now  know  only  as  occurring  in  association  may 
ultimately  be  found  separate,  and  conjoined  with  structures  of 
a  different  character.  Moreover,  it  is  to  be  borne  in  mind  that 
in  any  two  correlated  structures  it  is  not  that  each  is  correlated 
with  the  other,  but  that  one  of  the  two  is  correlated  with  the 
other.  That  is  to  say,  of  any  two  correlated  organs,  A  and  B, 
it  may  be  true  that  A  is  never  found  without  B,  but  it  does  not 
follow  that  B  may  not  occur  without  A.  Thus,  the  presence 
of  a  stomach  adapted  for  "  rumination ''  is  invariably  associated 
with  an  imperfect  development  of  the  incisors  of  the  upper 
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jawy  the  central  upper  incisors  being  always  wanting ;  but  it  is 
not  the  case  that  an  incomplete  condition  of  the  upper  incisors, 
or  the  absence  of  the  central  ones,  is  necessarily  correlated 
with  the  habit  of  chewing  the  cud  The  proper  way  of  putting 
the  case  is  to  assert  that  certain  structures  (A)  are  never  found 
apart  from  other  structures  (B),  though  the  latter  may  be 
present  without  the  former.  When,  therefore,  we  find  a  lower 
jaw  having  its  angle  "inflected,"  we  may,  with  our  present 
knowledge,  assert  that  the  animal  to  which  that  jaw  belonged 
must  have  possessed  "  marsupial  bones  "  or  "  marsupial  cartil- 
ages "  upon  the  brim  of  the  pelvis.  If,  however,  we  were  to 
find  a  pelvis  with  marsupial  bones,  we  should  not  be  justified 
in  asserting  that  the  owner  of  the  same  must  have  possessed 
an  inflected  angle  to  the  lower  jaw.  On  the  contrary,  we 
know  that  such  an  assertion  would  be  erroneous,  since  the 
"  marsupial  bones  "  are  present  in  the  Monotremes,  in  which 
the  angle  of  the  jaw  has  its  usual  form. 

9.  Classification. 

Classification  is  the  arrangement  of  a  number  of  diverse 
objects  into  larger  or  smaller  groups,  according  as  they  exhibit 
more  or  less  likeness  to  one  another.  The  excellence  of  any 
given  classification  will  depend  upon  the  nature  of  the  points 
which  are  taken  as  determining  the  resemblance.  Systems  of 
classification,  in  which  the  groups  are  founded  upon  mere  ex- 
ternal and  superficial  points  of  similarity,  though  often  useful 
in  the  earlier  stages  of  science,  are  always  found  in  the  long- 
run  to  be  inaccurate.  It  is  needless,  in  fact,  to  point  out  that 
many  living  beings,  the  structure  of  which  is  fundamentally 
different,  may  nevertheless  present  such  an  amount  of  adap- 
tive external  resemblance  to  one  another,  that  they  would  be 
grouped  together  in  any  "artificial"  classification.  Thus,  to 
take  a  single  example,  the  whale,  by  its  external  characters, 
would  certainly  be  grouped  amongst  the  fishes,  though  widely 
removed  from  them  in  all  the  essential  points  of  its  structure. 
"Natujs^"  systems  of  classification,  on  the  other  hand,  endea- 
vour to^  arrange  animals  into  divisions  founded  upon  a  due 
consideration  of  a//  the  essential  and  fundamental  points  of 
structure,  wholly  irrespective  of  external  similarity  of  form  and 
habits.  Philosophical  classification  depends  upon  a  due  ap- 
preciation of  what  constitute  the  true  points  of  difference  and 
likeness  amongst  animals ;  and  we  have  already  seen  that  these 
depend  essentially  upon  dissimilarity  or  similarity  of  morpho- 
logical type.    Philosophical  classification,  therefore,  is  a  formal 
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expression  of  the  facts  and  laws  of  Morphology.  It  follows 
that  -the  more  fully  the  programme  of  a  philosophical  and 
strictly  natural  classification  can  be  carried  out,  the  more 
completely  does  it  afford  a  condensed  exposition  of  the  funda* 
mental  construction  of  the  objects  classified.  Thus,  if  the 
whale  were  placed  by  an  artificial  grouping  amongst  the  fishes, 
this  would  simply  express  the  facts  that  its  habits  are  aquatic 
and  its  body  fish-like.  When,  on  the  contrary,  we  obtain  a 
natural  classification,  and  we  learn  that  the  whale  is  placed 
amongst  the  Mammalia,  we  then  know  at  once  that  the  young 
whale  is  bom  in  a  comparatively  helpless  condition,  and  that 
its  mother  is  provided  with  special  mammary  glands  for  its 
support;  this  expressing  a  fundamental  distinction  from  all 
fishes,  and  being  associated  with  other  equally  essential  cor- 
relations  of  structure. 

Sound  classification,  therefore,  depends  in  reality  upon  a 
correct  discrimination  between  likenesses  of  homology  and 
likenesses  of  analogy.  Likenesses  of  analogy — that  is,  like- 
nesses dependent  solely  upon  the  possession  of  organs  dis- 
charging the  same  physiological  function— are  to  be  disre- 
garded. Thus,  the  Bird  and  the  Butterfly  are  not  to  be 
grouped  together  simply  because  both  possess  organs  of  flight. 
On  the  other  hand,  likenesses  of  homology — that  is  to  say, 
likenesses  dependent  on  identity  of  structural  plan — are  a  safe 
guide  to  real  affinity,  enabling  us  to  trace  the  genuine  relation- 
ships which  may  subsist  between  animals  outwardly  very  dis- 
similar, and  affording  to  us  the  foundation  of  a  common  type 
capable  of  almost  endless  modification.  Whilst  the  theory  of 
philosophical  classification  is  thus  clear,  it  may  be  further  said 
that  great  difficulties  attend  the  carrying  out  of  the  admitted 
theory  into  actual  practice.  This  arises  chiefly  from  the  diffi- 
culty which  is  met  with  when  we  come  to  disentangle  the 
homological  from  the  merely  analogical  likenesses  of  animals ; 
and  it  is  in  overcoming  this  difficulty  that  a  great  portion  of 
the  labours  of  the  philosophical  zoologist  consists. 

The  entire  animal  kingdom  is  primarily  divided  into  some 
six  or  seven  great  plans  of  structure,  the  divisions  thus  formed 
being  called  "sub»kingdoms."  The  sub-kingdoms  are,  in  turn, 
broken  up  into  classes,  classes  into  orders,  orders  into  families, 
families  into  genera,  and  genera  into  species.  We  shall  ex- 
amine these  successively,  commencing  with  the  consideration 
of  a  species,  since  this  is  the  zoological  unit  of  which  the 
larger  divisions  are  made  up. 

Species, — A  "species"  of  animals  may  be  defined  as  an 
assemblage  of  individuals  which  resemble  each  other  in  their 
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essential  characters^  are  able^  directly  or  indirectly,  to  produce 
fertile  individuals,  and  which  do  not  {as  far  as  human  observa- 
tion goes)  give  rise  to  individuals  which  vary  from  the  general 
type  through  more  than  certain  definite  limits.  The  production 
of  occasional  monstrosities  does  not,  of  course,  invalidate  this 
definition. 

A  "species,"  therefore,  corresponds  with  what  we  should 
ordinarily  understand  as  a  "  kind  "  of  animals.  Thus,  all  the 
Hedgehogs  of  Britain  form  one  "  species,"  all  the  Squirrels  of 
Britain  constitute  a  single  "species,"  and  so  on.  There  are 
points  connected  with  species,  as  to  which  naturalists  are  not 
yet  in  absolute  agreement  AH  definitions  of  the  term,  how- 
ever, involve  two  leading  ideas — one  of  these  being  a  certain 
amount  of  resemblance  between  individuals,  and  the  other 
being  the  proof  that  the  individuals  so  resembling  each  other 
have  descended  from  a  single  pair,  or  from  pairs  exactly  simi- 
lar to  one  another.  The  characters  in  which  individuals  must 
resemble  one  another  in  order  to  entitle  them  to  be  grouped 
in  a  separate  species,  according  to  Agassiz,  "  are  only  those 
determining  size,  proportion,  colour,  habits,  and  relations  to 
surrounding  circumstances  and  external  objects." 

On  a  closer  examination,  however,  it  will  be  found  that 
these  two  leading  ideas  in  the  definition  of  species — external 
resemblance  and  community  of  descent — ^are  both  defective, 
and  liable  to  break  down  if  rigidly  applied.  Thus,  there  are 
in  nature  no  assemblages  of  plants  or  animals  usually  grouped 
together  into  a  single  species,  the  individuals  of  which  exactly 
resemble  one  another  in  every  point  Every  naturalist  is 
compelled  to  admit  that  the  individuals  which  compose  any 
so-called  species,  whether  of  plants  or  animals,  differ  from 
one  another  to  a  greater  or  less  extent,  and  in  respects  which 
may  be  regarded  as  more  or  less  important  The  existence 
of  such  individual  differences  is  attested  by  the  universal 
employment  of  the  terms  "  varieties  "  and  "  races."  Thus  a 
"  variety  "  comprises  all  those  individuals  which  possess  some 
distinctive  peculiarity  in  common,  but  do  not  differ  in  other 
respects  from  another  set  of  individuals  sufficiently  to  entitle 
them  to  take  rank  as  a  separate  species.  A  "race,"  again,  is 
simply  a  permanent  or  "  perpetuated  "  variety.  The  question, 
however,  is  this — How  far  may  these  differences  amongst  in- 
dividuals obtain  without  necessitating  their  being  placed  in  a 
seiMuate  species  ?  In  other  words :  How  great  is  the  amount 
of  mdividual  difference  which  is  to  be  considered  as  merely 
"  varietal,*'  and  at  what  exact  point  do  these  differences  become 
of  "  specific  "  value  ?    To  this  question  no  answer  can  be  given, 
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since  it  depends  entirely  upon  the  weight  which  different 
naturalists  would  attach  to  any  given  individual  difference.^ 
Distinctions  which  appear  to  one  observer  as  sufficiently  great 
to  entitle  the  individuals  possessing  them  to  be  grouped  as 
a  distinct  species,  by  another  are  looked  upon  as  simply  of 
varietal  value ;  and,  in  the  nature  of  the  case,  it  seems  impos- 
sible to  lay  down  any  definite  rules.  To  such  an  extent  do 
individual  differences  sometimes  exist  in  particular  genera — 
termed  "  protean  "  or  "  polymorphic  "  genera — that  the  deter- 
mination of  the  different  species  and  varieties  becomes  an 
almost  hopeless  task. 

Besides  the  individual  differences  which  ordinarily  occur 
in  all  species,  other  cases  occur  in  which  a  species  consists 
normally  and  regularly  of  two  or  even  three  distinct  forms, 
which  cannot  be  said  to  be  mere  varieties,  since  no  inter- 
mediate forms  can  be  discovered.  When  two  such  distinct 
forms  exist,  the  species  is  said  to  be  "  dimorphic,"  and  when 
three  are  present,  it  is  called  "  trimorphic"  Thus,  in  dimorphic 
plants  a  single  species  is  composed  of  two  distinct  forms, 
similar  to  one  another  in  all  respects  except  in  their  repro- 
ductive organs,  the  one  form  having  a  long  pistil  and  short 
stamens,  the  other  a  short  pistil  with  long  stamens.  In  tri- 
morphic  plants,  the  species  is  composed  of  three  such  distinct 
forms,  which  differ  in  like  manner  in  the  conformation  of  their 
reproductive  organs,  though  they  are  otherwise  undistinguish- 
able  (Darwin).  Similar  cases  are  known  in  animals,  but  in 
them  the  differences,  though  apparently  connected  with  repro- 
duction, are  not  confined  to  the  reproductive  organs.  Thus 
the  females  of  certain  butterflies  normally  appear  under  two 
or  three  entirely  different  forms,  not  connected  by  any  inter- 
mediate links;  and  the  same  thing  occurs  in  some  of  the 
Crustacea. 

As  regards,  therefore,  the  first  point  in  the  definition  of 
species — namely,  the  external  resemblance  of  assemblages  of 
individuals — ^we  are  forced  to  conclude  that  no  two  individuals 
are  exactly  alike ;  and  that  the  amount  and  kind  of  external 
resemblance  which  constitutes  a  species  is  not  a  precise  and 
invariable  quantity,  but  depends  upon  the  value  attached  to 
particular  characters  by  any  given  observer. 

The  second  point  in  the  definition  of  spedes — namely,  com- 
munity of  descent — ^is  hardly  in  a  more  satisfactory  condition, 

^  As  an  example  of  this,  it  is  sufficient  to  allude  to  the  fact  that  hardly 
any  two  botanists  agree  as  to  the  number  of  species  of  Willows  and  Bram- 
bles in  the  British  Isles.  What  one  observer  classes  as  mere  varieties, 
another  regards  as  good  and  distinct  species. 
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since  the  descent  of  any  given  series  of  individuals  from  a 
single  pair,  or  from  pairs  exactly  similar  to  one  another,  is  at 
best  but  a  probability,  and  is  in  no  case  capable  of  proof.  In 
the  case  of  the  higher  animals,  it  can  doubtless  be  shown  that 
certain  assemblages  of  individuals  possess  amongst  themselves 
the  power  of  fecundation  and  of  producing  fertile  progeny,  and 
that  this  power  does  not  usu?illy  extend  to  the  fecundation 
of  individuals  belonging  to  another  different  assemblage. 
Amongst  the  higher  animals,  "crosses"  or  "hybrids"  can 
only  be  produced  between  closely  allied  species,  and  when 
produced  they  are  in  general  sterile,  and  are  not  capable  of 
reproducing  their  like.  In  these  cases,  therefore,  we  may  take 
this  as  a  satisfactory  element  in  the  definition  of  "species." 
The  sterility,  however,  of  hybrids  is  not  universal,  even 
amongst  the  higher  animals;  and  amongst  plants  no  doubt 
can  be  entertained  but  that  the  individuals  of  species  univer- 
sally admitted  to  be  distinct  are  capable  of  mutual  fertilisation ; 
the  hybrid  progeny  thus  produced  being  likewise  fertile,  and 
capable  of  reproducing  similar  individuals.  That  this  fertility 
is  often  irregular,  and  may  be  destroyed  in  a  few  generations, 
admits  of  explanation,  and  hardly  alters  the  significance  of 
these  undoubted  facts. 

In  spite  of  the  above-mentioned  exceptions,  it  is  the  "  phy- 
siological test "  of  mutual  fertility  which  is  usually  adopted  by 
naturalists  in  distinguishing  between  "  varieties  "  and  "  species," 
— when,  namely,  the  individuals  of  a  given  assemblage  of  ani- 
mals or  plants  are  fertile,  and  are  capable  of  giving  rise  to  fer- 
tile offspring,  they  are  usually  regarded  as  constituting  a  single 
^^  species^  however  widely  they  may  differ  among  themselves  in 
structure  or  appearance.  "  Varieties,"  therefore,  are  supposed 
to  be  always  capable  of  interbreeding  with  the  type-form  of  the 
species.  On  the  other  hand,  if  two  groups  of  animals  or  plants, 
otherwise  closely  resembling  each  other,  are  found  to  be  in- 
capable of  producing  fertile  offspring  by  intercrossing,  then 
they  are  regarded  as  constituting  two  distinct  species.  While 
the  mutual  fertility  of  the  individuals  composing  a  species  and 
a  variety  respectively  is  admitted,  there  are  grounds  for  believ- 
ing that  the  individuals  composing  a  variety  do  not  habitually 
mate  with  those  composing  the  type-species.  It  is  only  upon 
some  such  supposition  as  this  that  we  can  account  for  the  per- 
manence of  the  variety,  since  free  intercrossing  with  the  parent- 
species  would  inevitably  lead  to  the  ultimate  reabsorption  of 
the  fonner  in  the  latter.  Whether  this  reproductive  isolation 
of  the  individuals  composing  a  variety,  in  regard  to  those 
composing  the  parent-species,  is  the  resultjiLphysical  pecu- 
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liarities  in  the  reproductive  organs  in  the  former  (Romanes), 
or  is  due  to  modification  of  the  normal  sexual  instinct  (Galton), 
has  not  yet  been  determined. 

Genus  is  a  term  applied  to  groups  of  species  which  possess 
a  community  of  essential  details  of  structiu-e.  A  genus  may 
include  a  single  species  only,  in  cases  where  the  combination 
of  characters  which  make  up  the  species  are  so  peculiar  that 
no  other  species  exhibits  similar  structural  characters ;  or,  on 
the  other  hand,  it  may  contain  an  indefinite  number  of  species. 

Families  are  groups  of  genera  which  agree  in  their  general 
characters.  According  to  Agassiz,  they  are  divisions  founded 
upon  peculiarities  of  "form  as  determined  by  structure." 

Orders  are  groups  of  families  related  to  one  another  by 
structural  characters  common  to  all. 

Classes  are  larger  divisions,  comprising  animals  which  are 
formed  upon  the  same  fundamental  plan  of  structure,  but  differ 
in  the  method  in  which  the  plan  is  executed  (Agassiz). 

Sub-kingdoms  are  the  primary  divisions  of  the  animal  king- 
dom, which  include  all  those  animals  which  are  formed  upon 
the  same  structural  or  morphological  type,  irrespective  of  the 
degree  to  which  specialisation  of  function  may  be  carried. 

Binomial  Nomenclature. — Since  the  time  of  Linnxas  it  has  been 
the  practice  of  naturalists  to  designate  all  species  by  double  designations,  the 
first  part  of  the  title  indicating  the  genus  to  which  the  animal  belongs, 
whilst  the  second  is  the  proper  or  specific  title.  Thus  the  Dog  is  known 
by  the  "binomial"  designation  of  Cams familiaris.  The  ^* genus  "  Canis 
contains  other  species  besides  the  Dog — such  as  the  Wolf  and  Jackal — 
but  the  Ti2imQ  familiaris  indicates  that  this  title  belongs  to  the  Dog  and  not 
to  either  of  the  latter.  The  genus  CaniSj  again,  belongs  to  the  ** family  " 
Canida^  including  other  genera,  such  as  the  Foxes  ( Vulpes).  The  family 
Canida,  further,  is  one  of  a  number  of  families,  such  as  the  Cats  {Felida)^ 
the  Bears  ( Ursid<t\  the  Hyaenas  (Hyamidai)^  &c. ,  which  collectively  con- 
stitute the  **  order**  of  the  Camivora  or  Beasts  of  Prey.  The  Camivora^ 
again,  constitute  one  of  many  orders  of  quadmpeds,  which  are  distinguished 
by  suckling  their  young  and  by  other  common  characters,  and  which 
collectively  constitute  the  **  class**  Mammalia.  Finally,  the  Mammalia 
are  united  with  the  classes  of  the  Birds,  Reptiles,  Amphibians,  and  Fishes 
to  constitute  the  great  primary  division  or  ^^sub-kingdom**  of  Vertebrata 
or  ''Vertebrate  animals  ;  since  all  these  classes  agree  with  one  another  in 
certain  fundamental  points  of  structure. 

Condensing  the  above,  the  name  of  Cattis  familiaris ^  as  applied  to  the 
Do^,  implies  a  large  amount  of  information  as  to  the  precise  zoological 
position  and  affinities  of  the  animal.     Its  title,  namely,  if  expressed  in  full, 
would  indicate  its  systematic  place  to  be  as  follows : — 
Sub-kingdom,  Vertebrata. 

Class,  Mammalia, 

Order,  Camivora, 

Family,  Canida:. 

Genus,  Canis. 

Species,  Canis  familiaris. 
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Impossibility  of  a  Linear  Classification. — It  has  sometimes 
been  thought  that  the  animal  kingdom  can  be  arranged  in  a 
linear  series,  every  member  of  the  series  being  higher  in  point 
of  organisation  than  the  one  below  it.  As  we  have  seen,  how- 
ever, the  status  of  any  given  animal  depends  upon  two  condi- 
tions— one  its  morphological  type,  the  other  the  degree  to 
which  specialisation  of  function  is  carried.  Now,  if  we  take 
two  animals,  on^  of  which  belongs  to  a  lower  morphological 
type  than  the  other,  no  degree  of  specialisation  of  function, 
however  great,  will  place  the  former  above  the  latter,  as  far  as 
its  type  of  structure  is  concerned,  though  it  may  make  the 
former  a  more  highly  organised  animal.  Every  Vertebrate 
animal,  for  example,  belongs  to  a  higher  morphological  type 
than  every  Mollusc ;  but  the  higher  Molluscs,  such  as  Cuttle- 
fishes, are  much  more  highly  organised,  as  far  as  their  type  is 
concerned,  than  are  the  lowest  Vertebrata.  In  a  linear  classi- 
fication, therefore,  the  Cuttle-fishes  should  be  placed  above  the 
lowest  fishes — such  as  the  Lancelet — in  spite  of  the  fact  that 
the  type  upon  which  the  latter  are  constructed  is  by  far  the 
higher  of  the  two. 

It  is  obvious,  therefore,  that  a  linear  classification  is  not 
possible ;  since  the  higher  members  of  each  sub-kingdom  are 
more  highly  organised  than  the  lower  forms  of  the  next  sub- 
kingdom  in  the  series,  at  the  same  time  that  they  are  con- 
structed upon  a  lower  morphological  type. 

It  is,  in  fact,  clear  that  a  pictorial  representation  of  the  dif- 
ferent groups  of  the  animal  kingdom,  in  the  order  of  their 
natural  alliances,  would  not  exhibit  a  series  of  regularly 
ascending  steps,  but  would  have  the  form  of  a  branched  and 
ramified  genealogical  tree.  Such  a  tree  would  exhibit  one 
main  stem,  which  would  give  origin  to  numerous  lateral  stems. 
These  latter  would,  in  turn,  subdivide,  some  branches  ascend- 
ing in  the  course  of  their  development,  while  others,  as  the 
result  of  degeneration,  would  descend. 


lo.  Origin  of  Species. 

It  is  impossible  here  to  do  more  than  merely  indicate  in  the 
briefest  manner  the  two  fundamental  ideas  which  are  at  the 
bottom  of  all  the  various  theories  as  to  the  origin  of  species ; 
and  it  will  be  sufficient  to  give  an  outline  of  the  two  leading 
theories  which  have  been  held  upon  this  subject,  without  adduc- 
ing any  of  the  reasoning  upon  which  they  are  based.  It  should 
be  added,  however,  that  almost  all  scientific  men  are  at  the 
present  day  agreed  that  species  have  been  produced  by  a  pro- 
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cess  of  evolution  or  development,  though  all  are  not  agreed 
as  to  the  manner  in  which  that  evolution  has  been  carried  out 

I.  Doctrine  of  the  Fixity  of  Species, — On  this  view  of  the 
nature  of  species,  which  may  be  said  to  have  been  generally 
held  up  to  the  middle  of  the  present  century,^  it  is  held  that 
'^  species  "  are  essentially  fixed  and  immutable.  Although  the 
older  naturalists  recognised  the  variability  of  species,  they 
believed  variation  to  be  strictly  limited  and  definite.  Hence, 
though  a  species  might  oscillate  backwards  and  forwards  on 
both  sides  of  a  central  line,  it  would,  sooner  or  later,  return  to 
the  position  of  equilibrium  represented  by  the  typeform  of  the 
species.  Closely  connected  with  the  belief  in  the  fixity  of 
species  is  the  belief  in  their  "  special  creation."  If  "  species  " 
be  permanent  and  immutable,  then  each  must  have  come  into 
existence  at  a  particular  moment  of  time  and  at  a  particular 
place  in  space.  The  place  where  the  species  originated  can 
only  have  been  that  where  the  original  progenitor,  or  progen- 
itors, of  the  species  appeared,  and  for  such  appearance  no  ex- 
planation can  be  given  other  than  that  of  "  special  creation  " — 
this  being,  obviously,  one  of  those  explanations  which  explains 
nothing.  Each  species,  finally,  was  supposed  to  have  slowly 
diffused  itself  by  migration  from  its  original  "  specific  centre," 
till  its  further  progress  was  stopped,  in  consequence  of  its  no 
longer  finding  conditions  suitable  for  the  life  of  the  species. 

II.  Doctrine  of  the  Mutability  of  Species, — At  the  present 
day,  it  may  be  said  that  naturalists  have  generally,  if  not  uni- 
versally, abandoned  the  belief  in  the  fixity  of  species,  and  in 
the  doctrine  of  special  creation.  On  the  other  hand,  it  is  now 
generally  admitted  that  species  are  not  permanent  and  immu- 
table, but  that  they  "undergo  modification,  and  that  the  exist- 
ing forms  of  life  are  the  descendants  by  true  generation  of 
pre-existing  forms  "  (Darwin). 

One  of  the  first  writers  to  promulgate  definitely  the  theory 
of  the  mutability  of  species,  and  of  their  evolution  from  pre- 
existing forms,  was  Dr  Erasmus  Darwin,^  the  grandfather  of 
Charles  Darwin.  At  a  somewhat  later  period,  similar  views 
were  powerfully  advocated,  and  explicitly  set  forth,  by  the  great 
French  naturalist  Lamarck.*  According  to  Lamarck's  views, 
"species"  are  not  absolutely  fixed  and  constant,  but  they  are 
only  stable  so  long  as  their  environment  remains  essentially 
undianged.     He  held,  further,  that  the  existing  species  of 

^  In  the  year  1859,  Darwin  published  the  first  edition  of  the  Origin  of 
Species  by  means  of  Natural  Selection. 
'  Zoonomia,  or  the  Laws  of  Organic  Life  (1794-96). 
*.Philp8ophie  Zoologique  (1809). 
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animals  and  plants  had  been  produced  by  "  evolution  "  from 
other  pre-existing  species — the  course  of  evolution  having  been, 
on  the  whole,  progressive.  With  regard  to  the  causes  which 
produce  the  slow  modification  of  an  existing  species,  and 
which,  therefore,  tend  to  give  rise  to  a  new  species,  Lamarck 
relied  largely  upon  the  action  of  external  conditions.  He 
regarded  the  organism  as  being  in  all  cases  more  or  less  plastic, 
so  that  though  it  might  exhibit  an  apparent  fixity  under  fixed 
conditions,  any  gradual  change  in  its  environment  would  pro- 
duce a  corresponding  alteration  in  the  structure  of  the  organ- 
ism. Relying  upon  the  facts  established  by  geology  as  to  the 
constantly  changing  conditions  of  all  portions  of  the  earth's 
surface,  Lamarck  concluded  that  all  species  of  animals  and 
plants  must  necessarily  exhibit  a  corresponding  mutability  of 
form  and  structure.  With  regard  to  the  method  in  which 
changes  in  the  surrounding  conditions  might  produce  corre- 
sjJonding  changes  in  the  organisation  of  living  beings,  he  relied 
principally  upon  the  known  effects  of  use  and  disuse  upon 
organs.  Upon  the  whole,  therefore,  he  concluded  that  the 
existing  fauna  and  flora  of  the  world  had  been  produced  by 
the  slow  modification  of  pre-existing  animals  and  plants 
consequent  upon  slow  and  progressive  changes  in  terrestrial 
conditions. 

The  theory  of  the  origin  of  "species"  from  pre-existing 
forms  of  life  was  first  established  upon  a  sound  basis  by 
Charles  Darwin,  who  published  in  1859  his  great  work  on 
this  subject^  In  this  work  Darwin  gave,  for  the  first  time, 
a  scientifically  satisfactory  explanation  as  to  the  method  in 
which  the  principle  of  evolution,  previously  brought  forward 
by  Erasmus  Darwin,  Lamarck,  and  others,  might  operate  in 
the  production  of  "species."  This  explanation  is  embodied 
in  the  "  Theory  of  Natural  Selection,"  which  is  based  upon 
the  following  fundamental  propositions  : — 

1.  The  progeny  of  all  species  of  animals  and  plants  exhibit 
variations  amongst  themselves  in  all  parts  of  their  organisation, 
no  two  individuals  being  exactly  and  in  all  respects  alike.  In 
other  words,  in  every  species  the  individuals,  whilst  inheriting 
a  general  likeness  to  their  progenitors,  tend  by  variation  to 
diverge  from  the  parent-type  in  some  particular  or  other. 

2.  Variations  arising  in  any  part  of  the  organism,  however 
minute,  may  be  transmitted  to  future  generations,  under  certain 

^  In  the  same  year  (18^9),  Mr  Alfred  Russell  Wallace  published  views 
as  to  the  origin  of  species  m  many  respects  identical  with  those  of  Darwin, 
in  an  independent!^  worked-out  memoir,  entitled  "  On  the  Tendency  of 
Varieties  to  depart  indefinitely  from  the  Original  Type  "  (Joum.  Linn.  Soc.) 
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definite  and  discoverable  laws  of  inheritance,  becoming,  as  a 
rule,  intensified  in  course  of  transmission. 

3.  By  "  artificial  selection,"  or  by  breeding  from  individuals 
possessing  any  particular  variation,  man,  in  successive  genera- 
tions, can  produce  a  breed  in  which  the  variation  will  be  per- 
manent, the  divergence  from  the  parent-type  being  usually 
intensified  by  the  process  of  interbreeding.  The  races  thus 
artificially  produced  by  men  are  often  as  widely  different  as  are 
distinct  species  of  wild  animals. 

4.  The  world  in  which  all  living  beings  are  placed  is  one 
not  absolutely  unchanging,  but  is  liable,  on  the  contrary,  to 
subject  them  to  very  varying  conditions. 

5.  All  animals  and  plants  give  rise  to  more  numerous  young 
than  can  by  any  possibility  be  preserved,  each  species  tending 
to  increase  in  numbers  in  a  geometrical  progression. 

6.  As  these  young  are  none  of  them  exactly  alike  in  all 
respects,  a  process  of  "natural  selection"  will  ensue,  whereby 
those  individuals  which  possess  any  variation,  however  slight, 
favourable  to  the  peculiarities  of  the  life  of  the  species,  will 
tend  to  be  preserved.  Those  individuals,  on  the  other  hand, 
which  do  not  possess  any  such  favourable  variation,  will  be 
placed  at  a  disadvantage  in  the  "  struggle  for  existence,"  and 
will  tend  to  be  gradually  exterminated.  The  individuals,  there- 
fore, composing  any  species  are  thus  subjected  to  a  rigid  pro- 
cess of  sifting,  by  which  those  least  adapted  to  their  environ- 
ment are  being  perpetually  weeded  out,  whilst  "  the  survival 
of  the  fittest "  is  secured. 

7.  Other  conditions  remaining  the  same,  the  individuals 
which  survive  in  the  struggle  for  existence  will  transmit  the 
variations  to  which  they  owe  their  preservation  to  future 
generations,  and  these  variations  will  tend  to  become  gradually 
more  and  more  pronounced. 

8.  By  a  repetition  of  this  process,  "varieties"  are  first 
established;  these  become  permanent,  and  "races"  are  pro- 
duced ;  finally,  in  the  lapse  of  time,  the  differences  thus  caused 
become  sufficiently  marked  to  constitute  distinct  "  species." 

9.  Granted  a  sufficient  length  of  time  since  life  first  appeared 
upon  the  earth,  it  is  conceivable  that  all  the  different  animals 
and  plants  which  we  see  at  present  upon  the  globe,  may  have 
been  produced  by  the  action  of  natural  selection  upon  die  off- 
spring of  a  few  primordial  forms,  or,  it  may  be,  of  a  single 
primitive  being. 

Originally,  Mr  Darwin  appears  to  have  believed  that  "natural  selec- 
tion" would  alone  be  found  sufficient  to  account  for  the  origin  of  all 
existing  species  by  a  process  of  evolution  from  pre-existing  forms.     In 
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view,  howerer,  of  certain  objections  which  had  been  brought  forward,  Mr 
Darwin  seems  to  have  abandoned  this  position,  and  brought  forward  a 
cause  supplementary  to  ''natural  selection"  in  what  he  termed  ''sexiial 
selection.'  The  action  of  sexual  selection  in  a  supposed  process  of  evolu- 
tion, according  to  Mr  Darwin's  views,  may  be  stated  in  tne  following  two 
propositions : — 

a.  The  males  of  many  species  of  animals  are  known  to  engage  in  very 
severe  contests  for  the  possession  of  the  females,  these  latter  yielding 
themselves  to  the  victor.  In  such  contests  certain  males  will  inevitably 
have  certain  advantages  over  the  others,  either  in  point  of  strength  or 
activity,  or  in  'consequence  of  the  possession  of  more  efficient  offensive 
weapons.  There  will  therefore  always  be  a  probability  that  certain  males 
will  get  possession  of  the  females  in  preference  to  others :  and  thus  there 
will  be  a  tendency  in  the  individuals  of  many  species  of  animals  to  secure  a 
preponderance  of  offspring  from  the  strongest  males.  The  peculiarities 
which  enable  certain  males  to  succeed  in  these  contests  will,  cateris  pari- 
bus^ be  transmitted  to  their  male  offspring,  and  in  this  way  variations  may 
be  perpetuated,  initiated,  or  intensified. 

h.  In.the  preceding  cases,  the  females  are  believed  to  be  perfectly  pas- 
sive, and  the  selection  is  a  **  natural "  one,  the  final  result  depKending  solely 
upon  the  natural  advantages  which  certain  males  possess  over  others  in 
actual  combat.  It  is  alleged,  however,  that  there  are  other  cases  in  which 
the  selection  is  truly  ''sexual,"  since  its  result  is  determined  by  spontan- 
eous preference,  and  not  by  brute  force  alone.  It  is  asserted ,  namely,  that 
among  certain  species  of  animals,  the  females  exercise  a  free  choice  as  to 
the  particular  male  with  which  they  will  pair ;  the  males  being  passive 
agents  in  the  matter,  except  in  so  far  as  each  uses,  or  may  use,  his  utmost 
exertions  to  secure  that  the  choice  of  the  female  may  fall  upon  him.  The 
circumstances  supposed  to  influence,  and  ultimately  determme,  the  choice 
of  the  female,  are  of  course,  in  the  main,  the  personal  attractions  of  some 
particular  male,  the  female  being  captivated  by  some  "beauty  of  form, 
colour,  odour,  or  voice,"  which  such  a  male  may  possess. 

If  it  be  admitted  that  the  females  of  some  of  the  lower  animals  have  the 
power  of  expressing  and  exercising  a  preference  in  the  manner  above  in- 
dicated, then  it  is  easy  to  understand  how  variations  might  be  transmitted 
or  intensified  in  this  way.  The  male  who  is  most  attractive  to  the  female 
will,  other  things  beinc  equal,  have  the  best  chance  of  propagating  his 
species,  and  is  likely  to  leave  the  largest  number  of  descendants.  His  male 
offspring  will  inherit  the  peculiarities  by  which  their  sire  was  rendered 
pre-eminently  attractive  in  the  eyes  of  their  mother,  and  thus  a  well-marked 
breed  might  be  produced,  by  the  preservation  or  intensification  of  char- 
acters of  this  nature.  Mr  Darwin  is  disposed  to  believe  that  colour  and 
song  in  most,  if  not  in  all  animals,  are  thus  to  be  ascribed  to  the  action  of 
sexual  selection,  through  numerous  successive  generations. 

Of  the  many  objections  which  have  been  urged  against  the 
theory  of  the  origin  of  species  by  means  of  natural  selection, 
the  following  are  the  most  important : — 

-  I.  On  the  theory  of  natural  selection,  the  organs  possessed  by  an  animal 
hare  been  slowly  evolved,  and  have  not  been  produced  suddenly,  in  com- 
plete perfection.  Most,  if  not  all,  oi^ns,  therefore,  must  have  been  use- 
less to  their  possessor  in  their  early  or  incipient  stage.  Natural  selection, 
however,  has  no  power  to  preserve  or  intensify  any  structures  except  such 
as  are  directly  useful  to  the  individual  in  the  struggle  for  existence. 
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2.  Again,  when  a  useful  variation  has  appeared  among  the  individuals 
of  a  species,  there  would  be  little  probability  of  its  being  preserved,  unless 
it  should  appear,  "similarly  and  simultaneously,"  in  a  considerable  num- 
ber of  individuals.  If  it  appeared  in  a  few  individuals  only,  it  would 
almost  certainly  be  rapidly  "  lost  by  subsequent  intercrossing  with  ordin- 
ary individuals."  There  is,  however,  no  evidence  to  show  that  variations 
occur,  as  a  rule  at  any  rate,  in  more  than  a  few  individuals  of  a  species  in 
the  first  place. 

To  meet  this  difficulty,  Dr  Romanes  has  recently  brought  forward  ^  a 
theory  to  which  he  hsis  applied  the  name  of  "  the  theory  of  physiological 
selection,"  and  which  may  be  stated  here  in  the  briefest  possible  form.  It 
is,  of  course,  an  undoubted  fact  that  a  variation  which  has  appeared  in  even 
a  few  individuals  may  be  preserved  and  handed  down,  provided  the  in- 
dividuals which  possess  it  are  prevented  from  interbreeding  with  the  parent 
form.  This  is  effected,  for  example,  when  by  the  intervention  of  man,  or 
in  any  other  way,  the  varying  individuals  are  kept  apart  from  those  com- 
posing the  original  species,  so  that  they  can  interbreed  with  each  other 
only,  thus  tending  to  perpetuate  and  intensify  their  distinctive  peculiarities. 
It  seems,  also,  to  be  a  fact  that,  though  the  individuals  of  a  variety  are  cap- 
able of  interbreeding  with  the  parent  form,  they  do  not  do  so  as  readily  as 
they  do  with  each  other.  In  nature,  according  to  the  theory  here  in  ques- 
tion, the' varying  individuals  are  supposed  to  be  prevented  from  interbreed- 
ing with  the  parent  stock  in  consequence  of  some  slight  change  in  their 
reproductive  system,  which  renders  them  more  or  less  sterile  with  the 
original  species,  though  perfectly  fertile  among  themselves.  The  result  of 
this  is,  obviously,  the  same  as  if  the  varying  individuals  had  been  cut  off 
from  the  normsd  individuals  artificially,  or  by  some  geographical  barrier. 
Being,  namely,  fertile  with  one  another,  and  only  partially  so  with  the 
parent  form,  they  naturally  tend  to  hand  down  to  their  offspring  their  dis- 
tinctive variations,  and  these  tend  in  the  course  of  transmission  to  become 
intensified.  Upon  the  same  hypothesis,  it  is  also  possible  to  meet  the 
first-mentioned  objection  to  the  theory  of  natural  selection,  and  to  explain 
how  useless  variations  may  be  preserved  and  handed  down. 

3.  The  only  other  objection  to  the  theory  of  natural  selection  which 
need  be  mentioned  here,  is  that  we  have  no  sufficient  evidence  of  the 
former  existence  of  the  numerous  and  closely  graduated  transitional  forms 
between  different  species,  which  must,  on  this  theory,  have  existed.  It 
is  an  essential  part  of  the  theory  in  question  that  the  production  of  any  given 
species  from  any  pre-existing  species  can  only  have  been  effected  through 
the  intervention  of  a  long  series  of  intermediate  or  transitional  forms.  It 
is  true  that  many  extinct  animals  are  known  which  are  clearly  transitional 
between  existing  groups  now  more  or  less  widely  separated  from  one  an- 
other. So  far,  however,  it  cannot  be  denied  that  palaeontology  has  failed 
to  bring  forward  the  numerous  and  closely  grculuated  series  of  intermediate 
forms  which  must  have  at  one  time  existed,  supposing  that  the  different 
species  of  animals  and  plants  had  been  evolved  by  natural  selection  from 
pre-existing  species.  The  absence  of  a  sufficient  number  of  such  transi- 
tional forms,  and  the  insufficient  connection  between  such  as  are  known  to 
exist,  may,  doubtless,  be  in  part  explained  by  the  known  "  imperfection  of 
the  geological  record  ** ;  but  this  does  not^  appear  to  offer  an  adequate 
solution  of  the  difficulty. 

In  spite  of  the  above-mentioned  objections,  it  may  be  taken 
as  certain  that  "  natural  selection  "  is,  at  any  rate,  one  of  the 

*  Journal  of  the  Linnean  Society,  vol.  xix.,  1886. 
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agents  concerned  in  the  production  of  species,  and  that  it  is 
an  important  agent.  •  There  is,  further,  abundant  evidence  in 
favour  of  the  general  doctrine  that  species  are  mutable,  and 
that  they  have  been  produced  by  some  general  law  of  evolution 
from  pre-existing  species,  quite  apart  from  the  question  as  to 
the  mode  in  which  evolution  has  been  brought  about^  /,  Thus, 
all  the  varied  types  which  form  each  of  the  great  ^' sub- 
kingdoms"  are  built  upon  a  common  morphological  plan. 
This  underlying  unity  of  structure  is,  however,  quite  inex- 
plicable unless  we  suppose  it  to  depend  upon  blood-relation- 
ship, and  to  be  due  to  the  fact  that  the  members  of  each  sub- 
kingdom  have  descended  from  a  common  ancestor.  ^  Again, 
transitional  forms,  which  connect  one  sub-kingdom  with  an- 
other, are  not  unknown,  thus  pointing  to  the  possibility  that, 
even  the  different  sub-kingdoms  may  have  originated  in  a  single 
primordial  form  of  life.  ^It  is,  further,  only  upon  the  theory  of 
descent  from  a  common  ancestor  that  we  can  explain  the  well- 
known  fact  that  the  adult  animal  often  exhibits  in  its  embryonic 
state  structures  which  it  loses  when  fully  grown,  but  which  are 
present  throughout  life  in  the  adults  of  animals  lower  in  the 
scale.  Thus,  the  so-called  "  visceral  clefts  "  of  the  Mammalian 
embryo  are  unquestionably  homologous  with  the  gill-slits  of 
the  adult  Fish ;  and  this  can  only  be  explained  upon  the  sup- 
position that  both  Mammals  and  Fishes  have  descended  from 
a  common  ancestor,  in  which  these  structures  existed.T^'The 
presence  of  "  rudimentary  organs  "  or  "  vestiges  "  in  so  many 
adult  animals  can  likewise  only  be  sufficiently  explained  upon 
the  supposition  we  have  to  deal  in  these  with  the  relics  of 
oiigans  which  existed  in  a  fully-developed  condition  in  an 
original  ancestral  type.  6  JLastly,  the  fact  that  so  many  existent 
and  now  widely  separated  groups  of  animals  can  be  shown  to 
be  connected  together  by  transitional  extinct  forms,  hardly 
admits  of  reasonable  explanation  save  on  some  theory  of  the 
general  evolution  of  existing  types  from  pre-existent  species. 
This  consideration  is  not  affected  by  the  previously  stated  fact 
that  the  transitional  forms  in  question  are  not  sufficiently 
numerous,  nor  linked  together  with  sufficient  closeness,  to  lead 
us  to  think  that  <'  natural  selection  "  has  been  the  sole  agent 
of  evolution. 

II.  Reproduction. 

Reproduction  is  the  process  whereby  new  individuals  are 
g^erated  and  the  perpetuation  of  the  species  ensured.  The 
process  may  be  considered  as  being,  in  many  respects,  a  modifi- 
cation of  growth.    It  has  been  previously  seen  that  a  single  cell. 
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or  independent  mass  of  protoplasm,  has  the  power  of  pro- 
ducing fresh  cells,  or  masses  similar  to  itself,  by  throwing  out 
buds  ("  gemmation  "),  or  by  dividing  itself  ("  fission  ").  If  such 
a  cell  or  mass  of  protoplasm  constitutes  the  entire  organism, 
then  this  production  of  new  cells  is  its  process  of  reproduction. 
If,  on  the  contrary,  such  a  cell  is  merely  a  single  constituent 
of  a  multicellular  organism  or  cell-aggregate,  then  the  process 
is  one  of  growth.  What  is  ordinarily  called  "  reproduction  " 
differs,  therefore,  from  ordinary  growth  principally  in  the  fact 
that  its  products  are  separated  from  the  producing  body — it  is 
discontinuous  growth.  What  is  termed  "  non-sexual  reproduc- 
tion "  is,  in  fact,  really  only  a  form  of  continuous  cell-multi- 
plication, and  it  results  in  the  production  of  "  composite  "  or 
**  coloniai  "  organisms,  such  as  the  higher  plants  and  many  of 
the  lower  forms  of  animal  life. 

In  what  is  called  "  sexual  reproduction,"  on  the  other  hand, 
the  production  of  new  beings  is  the  result  of  the  union  or 
fusion  of  two  masses  of  protoplasm,  which  may  be  derived 
from  the  same,  or  from  different  individuals.  As  the  result 
of  this  fusion,  the  protoplasm,  stimulated  in  some  way  by  the 
process  to  which  it  has  been  subjected,  undergoes  division, 
and  thus  gives  rise  to  one  or  more  new  beings.  In  one  form 
of  this  process,  which  cannot  strictly  be  spoken  of  as  "  sexual," 
the  two  uniting  masses  of  protoplasm  are  themselves  entire 
organisms.  This  occurs,  for  example,  in  the  so-called  "  con- 
jugation" of  certain  of  the  Infusorian  Animalcules,  when 
two  cells — each  constituting  an  entire  animal — become  com- 
pletely fused  with  one  another,  the  resulting  mass  of  proto- 
plasm subsequently  breaking  up  into  a  number  of  masses,  each 
of  which  becomes  a  new  Infusorian.  More  usually,  the  two 
uniting  masses  of  protoplasm  are  merely  special  cells,  detached 
from  the  parent  organism. 

The  more  important  phenomena  connected  with  reproduc- 
tion may  be  very  briefly  glanced  at  here,  under  the  two  fol- 
lowing heads: — 

I.  Sexual  Reproduction, — In  its  typical  form  this  consists 
essentially  in  the  production  of  two  distinct  elements,  a  germ- 
cell  or  ovum,  and  a  sperm-cell  or  spermatozoid,  by  the  contact 
of  which  the  ovum — now  said  to  be  "  fecundated  " — ^is  enabled 
to  develop  itself  into  a  new  individual  As  a  rule,  the  germ- 
cell  is  produced  by  one  individual  (female)  and  the  spermatic 
element  by  another  (male) ;  in  which  case  the  sexes  are  said 
to  be  distinct,  and  the  species  is  said  to  be  "  dioecious."  In 
other  cases  the  same  individual  has  the  power  of  producing 
both  the  essential  elements  of  reproduction ;  in  which  case  the 
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sexes  are  said  to  be  united,  and  the  individual  is  said  to  be 
"  hermaphrodite,"  "  androgynous,"  or  "  monoecious."  In  the 
case  of  hermaphrodite  animals,  however,  self-fecundation — 
contrary  to  what  might  have  been  expected — ^rarely  constitutes 
the  reproductive  process ;  and,  as  a  rule,  the  reciprocal  union 
of  two  such  individuals  is  necessary  for  the  production  of 
young.  Even  amongst  hermaphrodite  plants,  where  self- 
fecundation  may,  and  certainly  does,  occur,  provisions  seem 
to  exist  by  which  perpetual  self-fertilisation  is  prevented,  and 
the  influence  of  another  individual  secured  at  intervals. 
Amongst  the  higher  animals  sexual  reproduction  is  the  only 
process  whereby  new  individuals  can  be  generated. 

II.  Non-sexual  Reproduction. — Amongst  the  lower  animals 
fresh  beings  may  be  produced  without  the  contact  of  an  ovum 
and  a  spermatozoid ;  that  is  to  say,  without  any  true  generative 
act  The  processes  by  which  this  is  effected  vary  in  different 
animals,  and  are  all  spoken  of  as  forms  of  "  asexual "  or 
"  agamic  "  reproduction  ("  agamogenesis  ").  As  we  shall  see, 
however,  the  true  "  individual "  is  very  rarely  produced  other- 
wise than  sexually,  and  most  forms  of  agamic  reproduction  are 
really  modifications  of  growth. 

a.  Gemmation  and  Fission. — Gemmation,  or  budding,  con- 
sists in  the  production  of  a  bud,  or  buds,  generally  from  the 
exterior,  but  sometimes  from  the  interior,  of  the  body  of  an 
animal,  which  buds  are  developed  into  independent  beings, 
which  may  or  may  not  remain  permanently  attached  to  the 
parent  organism.  Fission  differs  from  gemmation  solely  in 
the  fact  that  the  new  structures  in  the  former  case  are  pro- 
duced by  a  division  of  the  body  of  the  original  organism  into 
separate  parts,  which  may  remain  in  connection,  or  may  under- 
go detachment 

The  simplest  form  of  gemmation,  perhaps,  is  seen  in  the 
power  possessed  by  certain  animals  of  reproducing  parts  of 
their  bodies  which  they  may  have  lost  Thus,  the  Crustacea 
possess  the  power  of  reproducing  a  lost  limb,  by  means  of  a 
bud  which  is  gradually  developed  till  it  assumes  the  form  and 
takes  the  place  of  the  missing  member.  In  these  cases,  how- 
ever, the  process  is  not  in  any  way  generative,  and  the  pro- 
duct of  gemmation  can  in  no  sense  be  spoken  of  as  a  distinct 
being  (or  zooid). 

An  excellent  example,  however,  of  true  gemmation  is  ex- 
hibited in  such  an  organism  as  the  common  Sea-mat  (Flustra), 
which  is  a  composite  organism  composed  of  a  multitude  of 
similar  beings,  each  of  which  inhabits  a  little  chamber  or  cell ; 
the  whole  forming  a  structure  not  unlike  a  sea- weed  in  appear- 
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ance.  This  colony  is  produced  by  gemmation  from  a  single 
primitive  being  ("  polypide  "),  which  throws  out  buds,  each  of 
which  repeats  the  process,  apparently  almost  indefinitely.  All 
the  buds  remain  in  contact  and  connected  with  one  another, 
but  each  is,  nevertheless,  a  distinct  and  independent  being, 
capable  of  performing  all  the  functions  of  life.  In  this  case, 
therefore,  each  one  of  the  innumerable  buds  becomes  an  inde- 
pendent being,  similar  to,  though  not  detached  from,  the  organ- 
ism which  gave  it  birth.  This  is  an  instance  of  what  is  called 
"  continuous  gemmation." 

In  other  cases — as  in  the  common  Fresh-water  Polype  or 
Hydra — the  buds  which  are  thrown  out  by  the  primitive  or- 
ganism become  developed  into  creatures  exactly  resembling 
the  parent,  but,  instead  of  remaining  permanently  attached, 
and  thus  giving  rise  to  a  compound  organism,  they  are  de- 
tached to  lead  an  entirely  independent  existence.  This  is  a 
simple  instance  of  what  is  termed  "discontinuous  gemmation." 

The  method  and  results  of  fission  may  be  regarded  as  essen- 
tially the  same  as  in  the  case  of  gemmation.  The  products 
of  the  division  of  the  body  of  the  primitive  organism  may 
either  remain  undetached,  when  they  will  give  rise  to  a  compo- 
site structure  (as  in  many  corals),  or  they  may  be  thrown  off  and 
live  an  independent  existence  (as  in  some  of  the  Hydrozoa). 

We  are  now  in  a  position  to  understand  what  is  meant, 
strictly  speaking,  by  the  term  "individual."  In  zoological 
language,  an  individual  is  defined  as  ^^  equal  to  the  total  result  of 
the  development  of  a  single  ovum"  Amongst  the  higher  animals 
there  is  no  difficulty  about  this,  for  each  ovum  gives  rise  to  no 
more  than  one  single  being,  which  is  incapable  of  repeating  it- 
self in  any  other  way  than  by  the  production  of  another  ovum ; 
so  that  an  individual  is  a  single  animal.  It  is  most  important, 
however,  to  comprehend  that  this  is  not  necessarily  or  always 
the  case.  In  such  an  organism  as  the  Sea-mat,  the  ovum  gives 
rise  to  a  primitive  polypide,  which  repeats  itself  by  a  process 
of  continuous  gemmation  until  an  entire  colony  is  produced, 
each  member  of  which  is  independent  of  its  fellows,  and  is 
capable  of  producing  ova.  In  such  a  case,  therefore,  the  term 
"  individual "  must  be  applied  to  the  entire  colony,  since  this 
is  the  result  of  the  development  of  a  single  ovum.  The  sepa- 
rate beings  which  compose  the  colony  are  technically  called 
zooids.  In  like  manner  the  Hydra,  which  produces  fresh  and 
independent  Hydrae  by  discontinuous  gemmation,  is  not  an 
"  individual,"  but  a  zooid.  Here  the  zooids  are  not  perma- 
nently united  to  one  another,  and  the  "individual"  Hydra 
consists  really  of  the  primitive  Hydra, //w  all  the  detached. 
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Hydrae  to  which  it  gave  rise.  In  this  case,  therefore,  the  "  in- 
dividual "  is  composed  of  a  number  of  disconnected  and  wholly 
independent  beings,  all  of  which  are  the  result  of  the  develop-, 
ment  of  a  single  ovum.  It  is  to  be  remembered  that  both  the 
parent  zooid  and  the  "  produced  zooids  "  are  capable  of  giving 
rise  to  fresh  Hydras  by  a  true  generative  process.  It  must 
also  be  borne  in  mind  that  this  production  of  fresh  zooids  by  a 
process  of  gemmation  is  not  so  essentially  different  from  the  true 
sexual  process  of  reproduction  as  might  at  first  sight  appear, 
since  the  ovum  itself  may  be  regarded  merely  as  a  highly 
specialised  bud.  In  the  Hydra,  in  fact,  where  the  ovum  is  pro- 
duced as  an  external  process  of  the  wall  of  the  body,  this  like- 
ness is  extremely  striking.  The  ovarian  bud,  however,  differs 
from  the  true  gemmae  or  buds  in  its  inabiUty  to  develop  itself 
into  an  independent  organism,  unless  previously  brought  into 
contact  with  another  special  generative  element.  The  only 
exceptions  to  this  statement  are  in  the  rare  cases  of  true  "  par- 
thenogenesis," to  be  subsequently  alluded  to* 

b.  Alternation  of  Generations, — In  the  case  of  the  Hydra  and 
the  Sea-mat,  which  we  have  considered  above,  fresh  zooids  are 
produced  by  a  primordial  organism  by  gemmation ;  the  beings 
thus  produced  (as  well  as  the  parent)  being  capable  not 
only  of  repeating  the  gemmiparous  process,  but  also  of  pro- 
ducing new  individuals  by  a  true  generative  act  We  have 
now  to  consider  a  much  more  complex  series  of  phenomena, 
in  which  the  organism  which  is  developed  from  the  primitive 
ovum  produces  by  gemmation  two  sets  of  zooids,  one  of  which 
is  destitute  of  sexual  organs,  and  is  capable  of  performing  no 
other  function  than  that  of  nutrition,  whilst  the  other  is  pro- 
vided with  reproductive  organs,  and  is  destined  for  the  per- 
petuation of  the  species.  In  the  former  case  the  produced 
zooids  all  resembled  each  other,  and  the  parent  organism  which 
gave  rise  to  them ;  in  the  latter  case,  the  produced  zooids  are 
often  very  unlike  each  other  and  unlike  the  parent,  since 
their  functions  are  entirely  different. 

The  simplest  form  of  the  process  is  seen  in  certain  of  the 
Hydroid  Polypes,  such  as  Hydractinia.  The  embryo  of  Hydrac- 
tinia  is  a  free  -  swimming  ciliated  body,  which,  after  a  short 
locomotive  existence,  attaches  itself  to  some  submarine  object, 
develops  a  mouth  and  tentacles,  and  commences  to  produce 
zooids  like  itself  by  a  process  of  continuous  gemmation.  These 
remain  permanently  attached  to  one  another,  with  the  result 
that  a  compound  organism  is  produced,  consisting  of  a  num- 
ber of  zooids,  or  "  polypites,"  organically  connected  together^ 
but  enjoying  an  independent  existence.     None  of  the  zooids, 
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however,  are  provided  with  sexual  organs ;  and  though  there 
is  theoretically  no  limit  to  the  size  which  the  colony  may  reach 
by  gemmation,  its  buds  are  not  detached,  and  the  species  would 


Fig.  XI. — Part  of  the  colony  of  Periganimus  vesii/us,  one  of  ihe  Hydroid  Zoophytes, 
greatly  magnified.  After  Allman.  The  nutritive  zoOids  Tpolypites)  carry  a  circle  oi 
tentacles ;  the  reproductive  zodids  (gonophores)  are  bell-shaped,  and  when  AiUy 
mature  are  detached  from  the  parent-colony. 

therefore  die  out,  unless  some  special  provision  were  made  for 
its  preservation.  Besides  these  nutritive  zodids,  however,  other 
buds  are  produced  which  differ  considerably  in  appearance 
from  the  former,  and  which  have  the  power  of  generating  the 
essential  elements  of  reproduction.  These  generative  zooids 
derive  their  nourishment  from  the  materials  collected  by  the 
nutritive  zooids,  but  only  live  until  the  ova  are  matured  in  their 
interior  and  liberated,  when  they  disappear.  The  ova  thus 
produced  become  free-swimming  ciliated  bodies,  such  as  the 
one  with  which  the  cycle  began. 

In  this  case,  therefore,  the  "  individual "  consists  of  a  series 
of  nutritive  zooids,  collectively  called  the  "  trophosome,"  and 
another  series  of  reproductive  zooids,  collectively  called  the 
"  gonosome,"  the  entire  series  remaining  in  organic  connection. 

In  other  Hydroid  Zoophytes  allied  to  the  preceding  (such 
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as  Perigonimus),  the  process  advances  a  step  further.  In  Peri- 
gonimus  (fig.  ii),  the  generative  buds  or  zooids  do  not  produce 
the  reproductive  elements  as  long  as  they  remain  attached  to  the 
parent  colony ;  but  they  require  a  preliminary  period  of  inde- 
pendent existence.  For  this  purpose  they  are  specially  organ- 
ised, and  when  sufficiently  mature  they  are  detached  from  the 
stationaiy  colony.  The  generative  zooid  now  appears  as  an 
entirely  independent  being,  described  as  a  species  of  Jelly-fish 
(or  Medusa).  It  consists  of  a  bell-shaped  disc,  by  means  of 
which  it  is  enabled  to  swim  freely ;  from  the  centre  of  this  disc 
depends  a  nutritive  process,  with  a  mouth  and  digestive  cavity, 
whereby  the  organism  is  able  to  increase  considerably  in  size. 
The  substance  of  the  disc  is  penetrated  by  a  complex  system 
of  canals,  and  from  its  margin  hangs  a  series  of  tentacular  pro- 
cesses. After  a  period  of  independent  locomotive  existence, 
the  Medusa  attains  its  full  growth,  when  it  develops  ova  and 
spermatozoa.  By  the  contact  of  these,  embryos  are  produced  ; 
but  these,  instead  of  resembling  the  jelly-fish  by  which  they 
were  immediately  generated,  proceed  to  develop  themselves 
into  the  fixed  Hydroid  colony  by  which  the  Medusa  was  orig- 
inally produced. 

Still  more  extraordinary  phenomena  have  been  discovered 
in  other  Hydrozoa,  as  in  many  of  the  Acraspeda,  In  these 
the  ovum  gives  rise  to  a  locomotive  ciliated  body,  which  ulti- 
mately fixes  itself,  becomes  trumpet-shaped,  and  develops  a 
mouth  and  tentacles  at  its  expanded  extremity,  when  it  is 
known  as  the  "  Hydra-tuba,"  from  its  resemblance  to  the  Fresh- 
water Polype,  or  Hydra.  The  Hydra-tuba  has  the  power  of 
multiplying  itself  by  gemmation,  and  it  can  produce  large  col- 
onies in  this  way ;  but  it  does  not  obtain  the  power  of  gener- 
ating the  essential  elements  of  reproduction.  Under  certain 
circumstances,  however,  the  Hydra-tuba  enlarges,  and,  after  a 
series  of  preliminary  changes,  divides  by  transverse  fission  into 
a  number  of  segments,  each  of  which  becomes  detached  and 
swims  away.  These  liberated  segments  of  the  little  Hydra-tuba 
(it  is  about  half  an  inch  in  height)  now  live  as  entirely  inde- 
pendent beings,  which  were  described  by  naturalists  as  distinct 
animals,  and  were  called  Ephyrae.  They  are  provided  with  a 
swimming-bell,  or  "  umbrella,"  by  means  of  which  they  propel 
themselves  through  the  water,  and  with  a  mouth  and  digestive 
cavity.  They  now  lead  an  active  life,  feeding  eagerly,  and 
attaining  in  some  instances  a  perfectly  astonishing  size  (the 
jelly-fishes  of  some  species  are  several  feet  in  circumference). 
After  a  while  they  develop  the  essential  elements  of  reproduc- 
tion, and  after  the  fecundation  and  liberation  of  their  ova  they 
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die.  The  ova,  however^  are  not  developed  into  the  free-swim -^ 
ming  and  comparatively  gigantic  jelly-fish  by  which  they  were 
immediately  produced,  but  into  the  minute/fixed,  sexless  Hydra- 
tuba. 

We  thus  see  that  a  small  sexless  zooid,  which  is  capable  of 
multiplying  itself  by  gemmation,  produces  by  fission  several 
independent  locomotive  beings,  which  are  capable  of  nourish- 
ing themselves  and  of  performing  all  the  functions  of  life.  In 
these  are  produced  generative  elements,  which  give  rise  by 
their  development  to  the  little  fixed  creature  with  which  the 
series  began. 

To  the  group  of  phenomena  of  which  the  above  are  examples, 
the  name  "  alternation  of  generations  "  was  applied  by  Steen- 
strup ;  but  the  name  is  not  an  appropriate  one,  since  the  pro- 
cess is  truly  an  alternation  of  generation  with  gemmation  or 
fission.  The  only  generative  act  takes  place  in  the  reproduc- 
tive zooid,  and  the  production  of  this  from  the  nutritive  zooid 
is  a  process  of  gemmation  or  fission,  and  not  a  process  of  gen- 
eration. The  **  individual,"  in  fact,  in  all  these  cases  must  be 
looked  upon  as  a  double  being  composed  of  two  factors,  both 
of  which  lead  more  or  less  completely  independent  lives,  the 
one  being  devoted  to  nutrition,  the  other  to  reproduction.  The 
generative  being,  however,  is  in  many  cases  not  at  first  able  to 
mature  the  sexual  elements,  and  is  therefore  provided  with  the 
means  necessary  for  its  growth  and  nourishment  as  an  inde- 
pendent organism.  It  must  also  be  remembered  that  the 
nutritive  half  of  the  "  individual "  is  usually,  and  the  generative 
half  sometimes,  compound — that  is  to  say,  composed  of  a  num- 
ber of  zooids  produced  by  continuous  gemmation ;  so  that  the 
zoological  individual  in  these  cases  becomes  an  extremely  com- 
plex being. 

c.  Parthenogenesis. — "  Parthenogenesis"  is  the  term  employed 
to  designate  certain  singular  phenomena,  resulting  in  the  pro- 
duction of  new  individuals  by  virgin  females  without  the  inter- 
vention of  a  male.  By  Professor  Owen,  who  first  employed  the 
term,  parthenogenesis  was  applied  also  to  the  processes  of  gem- 
mation and  fission,  as  exhibited  in  sexless  beings  or  in  virgin 
females;  but  it  is  best  to  consider  these  phenomena  sepa- 
rately. Strictly  the  term  parthenogenesis  ought  to  be  confined 
to  the  production  of  new  individuals  from  virgin  females  by 
means  of  ova,  which  are  enabled  to  develop  themselves  with- 
out the  contact  of  the  male  element.  The  difficulty  in  this 
definition  is  found  in  framing  an  exact  definition  of  an  ovum, 
such  as  will  distinguish  it  from  an  internal  gemma  or  bud.  No 
body,  however,  should  be  called  an  "  ovum "  which  does  not 
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exhibit  a  germinal  vehicle  and  germinal  spot,  and  which  does 
not  exhibit  the  phenomenon  known  as  segmentation  of  the 
yelk.  Moreover,  ova  are  almost  invariably  produced  by  a 
special  organ,  or  ovary. 

As  examples  of  parthenogenesis,  we  may  take  the  cases  of 
the  Plant-lice  (Aphides),  the  Honey-bee,  and  certain  Crustacea  3 
though  in  the  case  of  the  first  of  these  it  is  possible  that  the 
phenomena  observed  may  admit  of  explanation  otherwise  than 
as  an  instance  of  parthenogenesis  strictly  so  called. 

The  Aphides,  or  plant-lice,  which  are  so  commonly  found 
parasitic  upon  plants,  are  seen  towards  the  close  of  autumn  to 
consist  of  male  and  female  individuals.  The  ova  produced 
by  the  females  are  now  fertilised,  and  remain  dormant  through 
the  winter.  At  the  approach  of  spring  these  ova  are  hatched ; 
but  instead  of  giving  rise  to  a  number  of  males  and  females, 
all  the  young  are  of  one  kind,  now  usually  regarded  as  pecu- 
liarly modified  females.  Whatever  their  true  nature  may  be, 
these  individuals  produce,  viviparouslyy  a  brood  of  young 
which  resemble  themselves;  and  this  second  generation,  in 
like  manner,  produces  a  third, — and  so  the  process  may  be 
repeated,  for  as  many  as  ten  or  more  generations,  throughout 
the  summer.  When  the  autumn  comes  on,  however,  the  vivi- 
parous Aphides  produce — in  exactly  the  same  manner — a  final 
brood,  but  this,  instead  of  being  composed  entirely  of  similar 
individuals,  is  made  up  of  males  and  females.  Sexual  union 
now  takes  place,  and  ova  are  produced  and  fectmdated  in  the 
ordinary  manner. 

The  viviparous  Aphides  are  either  wingless  or  winged ;  and 
the  number  of  young  produced  is  so  great,  that  it  has  been 
calculated  that  a  single  Aphis  might  in  this  way  be,  during 
the  summer  months,  and  by  the  time  the  tenth  generation  was 
reached,  the  progenitor  of  no  less  than  one  quintillion  of  indi- 
viduak.  Each  viviparous  Aphis  possesses  an  ovary,  which 
only  differs  from  that  of  the  fertile  females  in  being  without 
certain  secondary  adjuncts  (the  coUeterial  glands  and  sperma- 
theca).  This  "  pseudovarium  "  produces  egg-like  bodies  or 
"  psendova,"  which  are  directly  developed  into  young  Aphides, 
and  which  differ  from  true  ova  in  the  fact  that  they  are  incap- 
able of  fertilisation. 

In  the  second  case  of  alleged  parthenogenesis  which  we  are 
about  to  examine — ^namely,  in  the  honey-bee — the  phenomena 
which  have  been  described  appear  to  be  quite  free  from  doubt. 
A  hive  of  bees  consists  of  three  classes  of  individuals :  i,  a 
"queen,"  or  fertile  female;  2,  the  "  workers,"  which  form  the 
bulk  of  the  community,  and  are  really  undeveloped  or  sterDe 
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females ;  and,  3,  the  "  drones,"  or  males,  which  are  only  pro- 
duced at  certain  times  of  the  year.  We  have  here  three  dis- 
tinct sets  of  beings,  all  of  which  proceed  from  a  single  fertile 
individual ;  and  the  question  arises,  In  what  manner  are  the 
differences  between  these  produced  ?  At  a  certain  period  of 
the  year  the  queen  leaves  the  hive,  accompanied  by  the  drones 
(or  males),  and  takes  what  is  known  as  her  '* nuptial  flight'' 
through  the  air.  In  this  flight  she  is  impregnated  by  the 
males ;  and  in  virtue  of  this  single  impregnation,  she  is  enabled 
to  produce  fresh  individuals  for  a  lengthened  period,  the  semen 
of  the  males  being  stored  up  in  a  receptacle  which  communi- 
cates by  a  tube  with  the  oviduct,  from  which  it  can  be  shut  off 
at  will.  The  ova  which  are  to  produce  workers  (undeveloped 
females)  and  queens  (fertile  females)  are  fertilised  on  their  pas- 
sage through  the  oviduct,  the  semen  being  allowed  to  escape 
into  the  oviduct  for  this  purpose.  The  subsequent  develop- 
ment of  these  fecundated  ova  into  workers  or  queens  depends 
entirely  upon  the  form  of  the  cell  into  which  the  ovum  is 
placed,  and  upon  the  nature  of  the  food  which  is  supplied  to 
the  larva.  On  the  other  hand,  the  ova  which  are  intended  to 
become  males  or  drones  are  not  allowed  by  the  queen  to  come 
in  contact  with  the  spermatozoa  in  their  passage  through  the 
oviduct.  The  drones,  therefore,  are  produced  from  ova  which 
have  not  been  impregnated.  The  parthenogenetic  origin  of 
the  drones  is  further  proved  by  the  fact,  that  if  the  queen  be 
prevented  from  being  impregnated  by  the  males,  she  is  only 
capable  of  producing  drones.  The  workers,  also,  being  unde- 
veloped females,  and  quite  incapable  of  being  impregnated, 
are  nevertheless  known  to  occasionally  produce  eggs ;  and 
when  this  is  the  case,  the  eggs  develop  into  drones.  Lastly,  in 
crosses  between  the  common  honey-bee  and  the  Ligurian  bee, 
the  queens  and  workers  alone  exhibit  any  intermediate  charac- 
ters between  the  two  forms,  the  drones  presenting  the  unmixed 
characters  of  the  queen  by  whom  they  were  produced. 

Among  the  Crustaceans,  parthenogenesis  has  been  estab- 
lished as  occurring  in  some  of  the  Water-fleas  (Cladocera)  and 
in  various  Phyllopods  (Apus,  Limnadiay  Artemia,  &c.).  In 
these  latter  it  is  the  female  which  is  produced  parthenogenetic- 
ally;  whereas  in  the  honey-bee  and  in  Polistes  it  is  the  male. 

12.  Development. 

Developmmt  is  the  general  name  applied  to  all  those  changes 
which  an  ^%%  or  germ  undergoes  before  it  assumes  the  char- 
acters of  the  perfect  adult  individual.     In  some  cases  these 
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changes  are  more  or  less  completely  concealed  from  view;  in 
other  cases  they  are  largely  external  and  visible.  In  some  cases 
they  are  rapidly  effected,  and  are  but  slight  in  amount;  in 
other  cases  they  may  be  more  or  less  prolonged,  and  may  more 
or  less  extensively  alter  the  general  form  and  mode  of  life  of 
the  animal.  In  these  last-mentioned  cases,  the  animal  is  usu- 
ally said  to  pass  through  a  "  metamorphosis." 

In  the  Protozoa^  in  which  the  organism  does  not  rise  above 
the  condition  of  a  simple  cell,  the  phenomena  of  development 
are  usually  comparatively  uncomplicated.  In  the  Metazoa^  in 
which  the  organism  starts  as  a  single  cell,  but  ultimately  be- 
comes an  aggregate  of  cells,  the  process  of  development  is  often 
one  of  extreme  complexity.  Speaking  broadly,  the  course  of 
development  is,  as  Von  Baer  put  it,  from  the  general  to  the 
special.  In  other  words,  the  changes  undergone  by  any  ani- 
mal in  passing  from  the  embryonic  to  the  mature  condition 
are,  in  the  main,  changes  in  the  direction  of  increased  special- 
isation of  functions  and  a  correspondingly  increased  complexity 
of  organic  structure.  All  the  members  of  any  given  sub-king- 
dom, when  examined  in  their  earliest  embryonic  condition,  are 
found  to  exhibit  an  essential  identity  as  regards  their  funda- 
mental structure.  As  development  proceeds,  however,  they 
diverge  from  one  another  with  greater  or  less  rapidity,  until 
the  adults  become  more  or  less  widely  unlike  each  other,  the 
unlikeness  being  due  to  the  different  degrees  of  specialisation 
of  functions  necessary  to  perfect  the  adult. 

It  is  upon  a  misconception  of  the  true  import  of  this  law 
that  the  theory  arose,  that  every  animal  in  its  development 
passed  through  a  series  of  stages  in  which  it  resembles,  in  turn, 
the  different  inferior  members  of  the  animal  scale.  With  re- 
gard to  man,  standing  at  the  top  of  the  whole  animal  kingdom, 
this  theory  has  been  expressed  as  follows :  "  Human  organo- 
genesis is  a  transitory  comparative  anatomy,  as,  in  its  turn, 
comparative  anatomy  is  a  fixed  and  permanent  state  of  the 
organogenesis  of  man  "  (Serres).  In  other  words,  the  embryo 
of  a  Vertebrate  animal  was  believed  to  pass  through  a  series 
of  changes  corresponding  respectively  to  the  permanent  types 
of  the  lower  sub-kingdoms — namely,  the  Protozoa,  Coelenterata, 
Echinodermata,  Annulosa,  and  Mollusca — ^before  finally  assum- 
ing the  true  vertebrate  characters.  Such,  however,  is  not  truly 
the  case.  The  ovum  of  every  animal  is  from  the  first  im- 
pressed with  the  power  of  developing  in  one  direction  only, 
and  very  early  exhibits  the  fundamental  characters  proper  to 
its  sub-kingdom,  never  presenting  the  structural  peculiarities 
belonging  to  any  other  morphological  type.    Nevertheless,  the 
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differences  which  subsist  between  the  members  of  each  sub- 
kingdom  in  their  adult  condition  are  truly  referable  to  the  de- 
gree to  which  development  proceeds,  the  place  of  each  indi- 
vidual in  his  own  sub-kingdom  being  regulated  by  the  stage  at 
which  development  is  arrested.  Thus,  many  cases  are  known 
in  which  the  younger  stages  of  a  given  animal  represent  the 
permanent  adult  condition  of  an  animal  somewhat  lower  in  the 
scale.  To  give  a  single  example,  the  young  Frog  transiently 
presents  all  the  essential  characters  which  permanently  dis- 
tinguish an  adult  perennibranchiate  Amphibian^  such  as  the 
Axolotl. 

Not  only  is  the  embryo  in  many  cases  extremely  unlike  the 
adult  animal,  but  there  are  many  cases  in  which  the  former 
has  a  habitat  and  mode  of  life  entirely  different  to  those  suit- 
able to  the  latter.  The  adult,  for  example,  may  be  a  terrestrial, 
air-breathing  animal,  while  the  early  stages  of  development  may 
be  passed  in  water.  In  such  cases,  it  commonly  happens  that 
the  embryo  possesses  "provisional"  organs,  which  adapt  it 
for  its  temporary  mode  of  life,  but  which  would  be  of  no  use 
to  the  adult.  Such  embryonic  organs  are  in  general  either 
absorbed  or  modified  in  the  course  of  development ;  the  adult 
either  showing  no  traces  of  their  former  existence,  or  exhibiting 
"vestiges"  of  them  in  the  form  of  "rudimentary  organs." 

Ordinarily  speaking,  the  course  of  development  is  an  ascend- 
ing one,  and  the  adult  is  more  highly  organised  than  the  young 
animal ;  but  there  are  cases  of  a  reversal  of  this  law,  the  mature 
organism  being,  as  compared  with  the  embryo,  a  degraded 
form — except  that  it  possesses  the  reproductive  organs  which 
are  wanting  in  the  latter.  There  are  many  cases,  namely,  in 
-which  the  embryo  is  freely  locomotive,  and  is  provided  with 
organs  of  sense,  while  the  adult  may  be  permanently  fixed,  and 
may  entirely  lose  its  sense-organs.  This  phenomenon  of  "  retro- 
gressive development "  is  seen  in  its  extreme  form  in  many  "  para- 
sites "  \  that  is  to  say,  in  animals  which  live  at  the  expense  of 
some  other  organism.  In  other  cases,  however,  the  retrogres- 
sion may  not  be  the  result  of  parasitism,  but  may  be  simply 
due  to  the  sedentary  habit  of  life  of  the  adult. 

Viewing  development  as  a  whole,  the  process  may  be  re- 
garded as  a  repetition  in  the  individual  of  the  ancestral  his- 
tory of  the  animal — that  is,  of  the  history  of  the  changes  which 
the  species  has  passed  through  before  assuming  its  present 
characters.  Certain  stages  in  this  history  are,  however,  often 
either  dropped  out  altogether  in  the  development  of  the 
individual,  or  much  abbreviated.  This  view  of  the  significance 
of  the  process  of  development  has  been  thus  expressed  by 
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Professor  Haeckel.  "Ontogenesis"  (or  the  development  of 
the  individual)  "  is  the  brief  and  rapid  recapitulation  of  phylo- 
genesis "(or  the  development  of  the  species)  "governed  by 
the  physiological  functions  of  transmission  (reproduction)  and 
nutrition  (adaptation).  The  organic  individual,  during  the 
rapid  and  brief  course  of  its  individual  development,  repeats 
the  most  important  of  those  changes  of  form  which  its  ancestors 
have  passed  through  during  the  long  and  gradual  course  of 
their  pabeontological  development,  in  accordance  with  the  laws 
of  transmission  and  adaptation." 

13.  Distribution  in  Space. 

The  geographical  distribution  of  animals  is  concerned  with 
the  determination  of  the  areas  within  which  every  species  of 
animal  is  at  the  present  day  confined.  Some  species  are  found 
almost  everywhere,  when  they  are  said  to  be  **  cosmopolitan  " ; 
but,  as  a  rule,  each  species  is  confined  to  a  limited  and  definite 
area.  Not  only  are  species  limited  in  their  distribution,  but 
it  is  possible  to  divide  the  globe  into  a  certain  number  of  geo- 
graphical regions  or  "  zoological  provinces,"  each  of  which  is 
chajacterised  by  the  occurrence  in  it  of  certain  associated 
forms  of  animal  life. 

The  geographical  distribution  of  land  animals  is  conditioned 
partly  by  the  existence  of  suitable  surroundings,  and  partly  by 
the  presence  of  barriers  preventing  migrations.  Thus,  certain 
contiguous  regions  might  be  equally  suitable  for  the  existence 
of  the  same  animals,  but  they  might  belong  to  different  zoolo- 
gical provinces,  if  separated  by  any  impassable  barrier,  such  as 
a  lofty  chain  of  mountains.  Owing  to  their  power  of  flight, 
the  geographical  distribution  of  birds  is  much  less  limited  than 
that  of  mammals ;  and  many  migratory  birds  have  an  extremely 
wide  range.  In  spite  of  their  powers  of  locomotion,  however, 
birds  are  limited  by  the  necessities  of  their  life  to  definite  areas, 
and  a  zoological  province  is  marked  by  its  birds  just  as  well 
as  by  its  quadrupeds. 

Each  species  of  animals  may  be  considered  as  having  a 
"centre  of  distribution,"  where  it  attains  its  maximum  develop- 
ment as  regards  the  number  of  its  individuals.  From  this 
centre  the  species  ranges  over  a  larger  or  smaller  area,  its 
numbers  becoming  less  and  less  as  we  approach  the  borders 
of  the  area.  The  size  of  the  area  which  the  species  will  ulti- 
mately occupy — ^varying  from  a  couple  of  square  miles  to 
hundreds  of  thousands  of  square  miles— depends  upon  the 
presence  of  conditions  suitable  to  the  life  of  the  species.     The 
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three  most  important  conditions  are  connected  with  the  presence 
of  a  suitable  food-supply,  the  existence  of  a  suitable  mean 
temperature,  and  the  absence  of  an  overwhelmingly  powerful 
competing  species.  According  as  these  or  other  necessaiy 
conditions  may  change,  the  area  occupied  by  the  species  is 
liable  to  change  from  time  to  time,  becoming  contracted  at 
one  time,  and  then  at  another  time  being  widely  extended. 
The  slowly  produced  secular  changes  in  the  climate  and 
physical  geography  of  different  regions,  which  geology  shows 
us  to  have  been  constantly  going  on  since  the  earth  was  first 
tenanted  by  living  beings,  are,  of  course,  the  principal  agents 
in  determining  the  geographical  distribution  of  animals  at  any 
given  period.  The  extension  of  a  species  from  one  point  to 
another  is  effected  by  migration.  In  many  cases,  the  migra- 
tion is  effected  by  the  adult,  which  is  endowed  with  the  power 
of  locomotion.  In  the  case  of  sedentary  animals,  however, 
migration  is  carried  out  through  the  locomotive  young. 

At  the  present  day,  naturalists  usually  adopt  the  arrange- 
ment of  the  dry  land  into  zoological  provinces,  which  was 
originally  proposed  by  Mr  Sclater.  In  this  arrangement  the 
earth's  surface  is  divided  into  the  following  six  provinces,  each 
of  which  is  characterised  partly  by  the  presence  of  a  particular 
"  fauna,"  or  characteristic  assemblage  of  animals,  and  partly 
by  the  absence  of  certain  other  characteristic  animals : — 

I.  The  Paiaarctic  Frainnce,  including  Europe,  Africa  north 
of  the  Atlas  Mountains,  and  Northern  Asia.  Among  the  more 
characteristic  animals  of  this  province  are  Bears,  Sheep,  Goats, 
Catarhine  Monkeys,  and  Pheasants. 

II.  The  Ethiopian  Province^  including  Africa  south  of  the 
Atlas  Mountains,  and  Southern  Arabia.  Among  the  more 
characteristic  animals  are  the  African  Elephant,  the  Hippopo- 
tamus, Giraffe,  Hyrax,  Aardvark,  numerous  Antelopes,  Baboons, 
the  Lion,  and  the  Ostrich.  There  is  a  characteristic  absence 
of  Bears,  Deer,  Goats,  and  Sheep. 

III.  The  Oriental  or  Indian  Province,  including  Asia  south 
of  the  Himalaya  Mountains,  Burmah,  Siam,  Southern  China, 
and  the  Indian  Archipelago  (Java,  Sumatra,  Borneo,  &c.). 
Characteristic  animals  are  the  Chevrotains,  Indian  Buffalo, 
Indian  Elephant,  Tiger,  Hombills,  Pea-fowl,  and  Jungle-fowl. 

IV.  The  Australian  Province,  including  Australia,  Tasmania, 
New  Guinea,  New  Zealand,  and  most  of  the  islands  of  the 
Pacific  Ocean.  Characteristic  animals  are  the  Duck-mole  and 
Spiny  Ant-eater  (Echidna),  numerous  Marsupials,  Birds  of 
Paradise,  Cockatoos,  and  the  Australian  Mud-fish  (Ceratodus\ 
There  is  a  remarkable  absence  of  most  orders  of  the  Placental 
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Mammals,  of  Vultures,  Woodpeckers,  ^d  Tailed  Amphibians- 
New  Zealand  is  peculiar  in  not  having  any  Marsupials  nor 
Monotremes;  in  having  no  Reptiles  except  Lizards;  and  in 
the  possession  of  the  curious  Apteryx  and  the  extinct  JDifwmis, 

V.  The  Nearctic  Province^  including  North  America  down 
to  the  centre  of  Mexico.  Characteristic  animals  are  the  Prong- 
buck,  the  Musk-rat,  the  American  Buffalo,  Tree-Porcupines, 
and  the  Turkey.  The  Beaver,  Reindeer  (Caribou^,  Sheep,  and 
Bears  are  types  common  to  this  and  the  Palaearctic  Region. 

VI.  The  Neotropical  Province^  including  the  whole  of  South 
America,  Central  America,  and  Southern  Mexico,  together  with 
the  Antilles.  Characteristic  animals  are  the  Platyrhine 
Monkeys,  Llamas,  Peccaries,  Cavies,  Sloths,  Ant-eaters, 
Armadillos,  Trogons,  and  Curassows.  There  is  an  absence 
of  Insectivorous  Mammals,  Goats,  Antelopes,  Oxen,  Cranes, 
&c.  The  Opossums  are  common  to  this  and  to  the  Nearctic 
Province. 

Tlie  Fauna  of  Oceanic  Islands, — Islands  in  the  open  ocean,  far  from 
land,  are  usually  characterised  by  certain  remarkable  zoological  features 
as  compared  with  the  continents,  or  with  islands  close  to  the  continents. 
The  most  remarkable  of  these  features  are  the  following  : — 

1.  Oceanic  islands  have  comparatively  few  species  of  animals,  as  com- 
pared with  an  equal  area  of  continental  land. 

2.  On  the  other  hand,  an  extraordinarily  large  proportion  of  the  species 
arc  peculiar  or  "endemic" 

3.  Oceanic  islands  are  remarkable  for  the  number  of  species  of  terrestrial 
Molluscs  which  they  possess,  and  for  the  large  proportion  of  these  which 
are  peculiar  to  the  islands  in  which  they  occur. 

4.  Terrestrial  Mammals  are  few  in  number  or  wanting,  and  such  in- 
digenous species  as  may  be  present  are  usually  of  small  size. 

Bathymetrical  Distribution. — In  the  ocean,  as  upon  the  land, 
animals  are  distributed  according  to  more  or  less  definite  laws. 
There  are,  therefore,  marine  zoological  provinces,  as  there  are 
terrestrial  ones, — particular  tracts  of  the  ocean  being,  in  all 
regions,  adapted  for  the  life  of  peculiar  types  of  animals. 
Thas,  many  marine  animals  abound  especially  in  those  por- 
tions of  the  sea-shore  which  lie  between  tide-marks,  and  which 
are  therefore  uncovered  twice  a-day  by  the  retreating  tide. 
This  tract  of  the  ocean-bed,  between  high  and  low  water- 
mark, is  termed  the  '^  Littoral  Zone  "  \  and  in  all  countries  it 
is  characterised  by  the  prevalence  of  particular  groups  of 
marine  animals,  which  have  their  maximum  development  in 
this  zone,  or  may  be  exclusively  confined  to  it«  Below  low- 
water  mark  down  to  depths  of  about  15  fathoms,  the  great 
Tangle  (Zaminaria)  flourishes  in  profusion,  giving  food  and 
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shelter  to  innumerable  types  of  marine  life.  This  tract  of  the 
ocean-bed*  is  often  spoken  of  as  the  ^'Laminarian  Zone." 
Beyond  the  Laminarian  zone,  are  other  regions  of  different 
depths,  which  can  often  be  recognised  more  or  less  clearly 
by  the  animals  which  inhabit  them,  and  which  have  been 
indicated  by  special  names.  Thus,  the  "Coralline  Zone" 
extends  from  15  to  50  fathoms,  and  the  name  of  "  Deep-sea 
Coral  Zone"  has  been  given  to  the  tract  of  the  ocean-bed 
between  50  and  100  fathoms  in  depth. 

The  older  naturalists  believed  that  at  depths  greater  than 
about  300  fathoms,  animal  life  became  extremely  scanty  in 
the  sea,  or  disappeared  altogether.  It  is  now  known,  how- 
ever, through  the  researches  of  Carpenter,  Wyville  Thomson, 
Gwyn  Jeflfreys,  Wallich,  Sars,  Pourtales,  A.  Agassiz,  and  many 
other  investigators,  that  the  "deep  sea,"  properly  so  called, 
extending  from  a  depth  of  300  fathoms  down  to  depths  of 
3000  or  4000  fathoms,  is  tenanted  by  a  vast  number  of 
animals,  constituting  a  very  remarkable  and  peculiar  life- 
assemblage.  The  preponderating  groups  among  these  deep- 
sea  or  "abyssal"  animals  are  the  Foraminifera,  the  Radio- 
larians,  the  Siliceous  Sponges,  and  the  Echinoderms;  but 
there  are  deep-sea  representatives  of  almost  all  the  groups  of 
marine  animals.  Except  in  very  limited  depths,  it  seems, 
further,  certain  that  the  distribution  of  marine  animals  is 
mainly  conditioned  not  by  the  depth  of  the  water,  but  by  its 
temperature.  Similar  types  of  marine  life  are,  therefore,  found 
inhabiting  areas  in  the  deep  sea  in  which  the  bottom-tempera- 
ture is  the  same,  irrespective  of  what  the  precise  depth  of  the 
water  may  be.  It  may  also  happen  that  two  neighbouring 
areas  of  the  sea-bottom  may  be  inhabited  by  different  assem- 
.blages  of  animals,  in  spite  of  their  being  dose  together,  pro- 
vided one  area  is  swept  by  a  current  of  warm  water,  while  the 
other  has  its  temperature  lowered  by  an  influx  of  cold  bottom- 
water. 

Lastly,  we  may  regard  the  surface-layer  of  the  open  ocean, 
from  the  actual  surface  to  depths  of  a  few  fathoms,  as  consti- 
tuting another  special  zone  of  marine  life.  The  animals  in- 
habiting this  zone  are  often  spoken  of  as  "  pelagic "  or 
"  oceanic "  animals,  and  they  are  often  more  or  less  delicate 
and  gelatinous  in  texture,  often  translucent  or  transparent,  and 
sometimes  brightly  coloured.  Among  the  more  striking  groups 
of  pelagic  animals  may  be  mentioned  the  Foraminifera,  the 
-Oceanic  Hydrozoa,  and  the  Pteropods ;  but  many  other  groups 
possess  pelagic  representatives.  These  oceanic  animals  con- 
stitute one  of  the  principal  sources  of  food  of  the  deep-sea 
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animals^  their  bbdies  after  death  ultimately  falling  to  the 
bottom  of  the  sea.  The  mud  at  the  bottom  of  the  deep  sea  is 
also  commonly  largely  composed  of  the  accumulated  skeletons 
of  these  pelagic  types  of  life  {Faraminifera^  Radiolaria^  &c.). 
With  regard  to  the  great  mass  of  water  which  lies  between  the 
surface-layer  just  spoken  of  and  the  bottom  of  the  deep  sea, 
oin-  actual  knowledge  is  still  imperfect ;  but  there  seems  to  be 
reason  to  think  that  in  it  animal  life  is  either  very  sparingly 
developed,  or  is  wholly  wanting. 

14.  Distribution  in  Time. 

The  distribution  of  animals  in  time,  or  their  '^geological  dis- 
tribution," constitutes  a  special  branch  of  Zoological'  Science, 
to  which  the  name  of  PaUtontology  is  given.  The  laws  of 
distribution  in  time  are,  however,  from  the  nature  of  the  case, 
much  less  perfectly  known  than  are  those  relating  to  the  dis- 
tribution of  animals  in  space ;  and  it  is  only  possible  here 
to  indicate  some  of  the  elementary  considerations  relating 
thereto. 

In  the  first  place.  Geology  shows  us  that  a  very  large  portion 
of  the  crust  of  the  earth  is  composed  of  rocks  which  existed 
originally  in  the  form  of  sand,  mud,  clay,  or  calcareous  ooze, 
and  which  were  laid  down  at  the  bottom  of  the  sea.  Other 
rocks,  of  a  similar  mineral  nature,  can  be  shown  to  have  been 
originally  formed  by  lakes  or  rivers ;  and  there  are  also  rocks 
which  can  be  proved  to  have  once  been  land-surfaces  or  soils. 
All  these  various  kinds  of  rocks  are  more  or  less  clearly  divided 
into  layers,  or  are  "  straiiJUdr  These  various  kinds  of  rock, 
in  the  second  place,  often  contain  in  their  interior  what  are 
called  "fossils"  or  "petrifactions,"  —  in  other  words,  the 
remains  or  traces  of  animals  and  plants  which  lived  at  the 
time  when  the  rocks  were  in  actual  process  of  formation.  In 
rocks  which  have  been  formed  in  the  sea,  the  fossils  consist 
chiefly  of  the  skeletons  of  shell-fish,  corals,  sea-urchins,  and 
other  marine  animals;  in  rocks  which  have  been  formed  in 
lakes  or  rivers,  we  have  chiefly  fresh-water  shells  and  the 
skeletons  of  fresh-water  fishes ;  and  in  ancient  soils  we  find 
the  remains  of  plants,  along  with  air-breathing  animals,  such 
as  insects,  spiders,  or  quadrupeds. 

By  means  of  these  fossils  we  can  not  only  determine  the 
mode  of  origin  of  any  particular  stratified  rock,  but  it  is  also 
possible  to  divide  the  entire  series  of  stratified  deposits  into 
definite  and  chronologically  successive  groups  of  strata,  which 
are  technically  called   "  formations."    Each  of  these  rock- 
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groups,  or  "  formations,"  is  characterised  by  the  occurrence  of 
an  assemblage  of  fossil  remains  more  or  less  peculiar  to  itself. 
Each  "formation,"  therefore, •  corresponds  with  a  particular 
period  in  the  history  of  the  earth — the  rocks  of  the  formation 
representing  part  of  the  marine,  lacustrine,  fluviatile,  or  ter- 
restrial deposits  of  the  period  \  and  the  fossils  of  the  forma- 
tion presenting  to  us  part  of  the  animals  and  plants  which 
lived  at  the  same  period. 

The  majority  of  the  animals  of  which  the  remains  are  now 
found  in  the  rocks  of  the  earth's  crust,  are  "extinct,"  and 
belong  to  types  no  longer  in  existence.  In  the  older  forma- 
tions, not  only  are  all  the  animals  extinct,  but  they  differ 
widely  from  the  types  now  in  existence,  and  the  older  the 
formation,  the  greater  is  this  unlikeness.  On  the  contrary,  in 
the  more  modern  formations,  the  animals  approximate  more 
and  more  closely  to  existing  types  in  their  general  characters. 
Ultimately,  in  the  latest-formed  rock-groups,  we  begin  to  meet 
with  animals  now  actually  in  existence,  along  with  many  forms 
which  are  extinct.  In  still  later  formations,  the  number  of 
extinct  species  is  found  to  gradually  diminish,  and  the  number 
of  species  still  living  to  gradually  increase,  till  we  reach  the 
"  recent "  period,  in  which  none  of  the  animals  (save  such  as 
have  been  exterminated  by  man)  are  extinct. 

Though  many  extinct  animals  are  so  peculiar  that  they  have 
to  be  placed  in  distinct  families  or  orders,  there  is  at  present 
no  known  fossil  which  cannot  be  referred  to  one  or  other  of 
the  existing  sub-kingdoms.  So  far  as  our  present  knowledge 
goes,  we  have,  therefore,  no  proof  of  the  former  existence  and 
disappearance  of  any  primary  "  morphological  type." 

All  the  great  morphological  types  of  the  Inveriebrata  are  re- 
presented in  the  earlier  periods  of  the  earth's  history,  and  their 
remains  are  found  in  the  oldest  fossiliferous  formations.  The 
Vertebrates  appear  later  than  the  Invertebrates ;  and  in  both 
great  sections  of  the  animal  kingdom  there  is  traceable  a 
gradual  progression  as  we  proceed  from  older  to  later  forma- 
tions, higher  and  higher  zoological  types  appearing  as  we 
approach  the  recent  period.  There  is,  however,  a  great  dif- 
ference in  this  respect  as  regards  different  types  of  life ;  some 
having  suffered  a  very  early  extinction,  or  having  been  intro- 
duced only  in  very  late  periods,  while  other  so-called  "per- 
sistent "  types  (such  as  Nautilus  and  Linguia)  appeared  at  an 
extremely  early  period,  and  are  still  represented  by  living 
forms.  Lastly,  many  extinct  species  of  animals  belong  to 
what  have  been  termed  "intercalary"  or  "synthetic"  types, 
since  they  exhibit  characters  intermediate  between  existing 
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groups  of  animals.  The  study  of  such  types  has  a  peculiar 
zoological  interest,  as  they  afford  a  means  of  bridging  over  the 
gap  between  groups  now  widely  separated,  and  indicate  the 
true  line  of  descent  of  our  existing  species  of  animals. 

In  accordance  with  the  laws  above  indicated,  the  fossiliferous 
rock-formations  which  compose  the  crust  of  the  earth  may  be 
divided  into  four  great  series,  termed  respectively  Archean, 
Palaeozoic  or  Primary,  Mesozoic  or  Secondary,  and  Kainozoic 
or  Tertiary. 

The  Archean  period  is  represented  by  the  most  ancient  of 
the  stratified  deposits,  and  the  rocks  of  this  period  are  not 
only  for  the  most  part  highly  crystalline  in  their  character, 
but  they  have  not  hitherto  yielded  any  undoubted  remains  of 
animals  or  plants. 

The  Palaeozoic  or  Ancient-life  period  is  represented  by  the 
oldest  of  the  fossiliferous  formations,  and  is  characterised  by 
the  marked  divergence  of  the  life  of  the  period  from  all  exist- 
ing forms. 

In  the  Mesozoic  or  Middle-life  period,  the  general  fades  of 
the  fossils  approaches  more  nearly  to  that  of  our  existing  fauna 
and  flora;  but — with  very  few  exceptions — the  characteristic 
fossils  are  all  specifically  distinct  from  all  existing  forms. 

In  the  Kainozoic  or  New-life  period,  the  approximation  of 
the  fossil  remains  to  existing  living  beings  is  still  closer,  and 
some  of  the  forms  are  now  specifically  identical  with  recent 
species  \  the  number  of  these  increasing  rapidly  as  we  ascend 
from  the  lowest  Kainozoic  deposit  to  the  Recent  period. 

Appended  is  a  table  giving  the  more  important  subdivisions 
of  the  four  great  geological  periods,  commencing  with  the 
oldest  socks  and  ascending  to  the  present  day  (fig.  12). 

I.  Archean  Rocks.  (Laurentian  Rocks^  Dimetian  Rocks, 
Pebidian  Rocks,  &c.) 

II.  PALiEozoic  Rocks. 

1.  Cambrian.     (Lower  and  Upper.) 

2.  Ordovician. 

3.  Silurian. 

4.  Devonian,  or  Old  Red  Sandstone.  (Lower,  Middle,  and 
Upper.) 

5.  Carboniferous.  (Mountain-limestone,  Millstone-grit,  and 
Coal-measures.) 

6.  Permian.  ( =  the  lower  portion  of  the  New  Red  Sand* 
stone.) 
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Ideal  Section  of  the  Crust  of  th£  Earth. 

Fig.  12. 

VC^-^^-r'^^T^T^^i^^  Post-Tertiary  and  Recent. 

Pliocene. 


Oolitic  or  Jurassic 


Carboniferous. 


Devonian,  or  Old  Red  Sandstone. 


Ordovician  and  Silurian. 


Laurentian. 
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III.  Mesozoic  or  Secondary  Rocks. 

7.  Triassic  Rocks.  (Bunter  Sandstein,  or  Lower  Trias; 
Muschelkalk,  or  Middle  Trias ;  Keuper,  or  Upper  Trias ; 
Rhsetic  beds.) 

8.  Jurassic  Rocks.  (Lias,  Inferior  Oolite,  Great  Oolite, 
Oxford  Clay,  Coral  Rag,  Kimmeridge  Clay,  Portland  Stone, 
Purbeck  beds.) 

9.  Cretaceous  Rocks.  (Wealden,  Lower  Greensand,  Gault, 
Upper  Greensand,  White  Chalk,  Maestricht  beds.) 

IV.  Kainozoic  or  Tertiary  Rocks. 

10.  Eocene.     (Lower,  Middle,  and  Upper.) 

1 1.  Miocene.     (Lower  and  Upper.) 

1 2.  Pliocene.     (Older  Pliocene  and  Newer  Pliocene.) 

13.  Post-tertiary.     (Post-pliocene  and  Recent.) 
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INVERTEBRATE    ANIMALS. 

PROTOZOA, 


CHAPTER    I. 

I.   General  Characters  of  the  Protozoa. 
2.  Classification.    3.  GREOARiNiDiE. 

I.  General  Characters, — The  sub-kingdom  Protozoa,  as  the 
name  implies,  includes  the  most  lowly  organised  members  of 
the  animal  kingdom,  and  may  be  defined  as  comprising 
animals  composed  of  undifferentiated  protoplasm^  or,  at  most,  of 
protoplasm  so  far  differentiated  as  to  have  developed  an  outer 
^^walV  and  a  central  ^^  nucleus  "  the  organism  in  the  latter  case 
becoming  a  ^UelU^  In  no  case  are  definite  "tissues"  developed 
by  the  differentiation  of  a  primitive  cellular  aggregate.  There 
is  no  proper  "  body-cavity " ;  no  nervous  system ;  and  either  no 
alimentary  apparatus,  or  one  of  a  most  rudimentary  nature. 
Sexual  reproduction,  by  means  of  ova  and  spermatozoa^  is  not 
known  to  occur. 

As  has  been  already  pointed  out,  the  entire  animal  kingdom 
may  be  divided  into  the  two  primary  sections  of  the  Protozoa 
and  the  Metazoa — the  former  comprising  animals  which  are 
essentially  unicellular,  or  consist  of  simple  undifferentiated 
protoplasm  ("  cytodes  "),  while  the  latter  are  multicellular,  and 
commonly  have  their  cells  differentiated  to  form  definite 
"  tissues."  On  this  view,  the  Sponges,  which  have  been  often 
associated  with  the  Protozoa,  must  be  placed  in  the  section  of 
the  Metazoa, 

The  Protozoa  are  for  the  most  part  aquatic  in  their  habits, 
and  are  generally  of  microscopic  size.  They  are  composed  of 
contractile,  jelly-like,  or  semi-fluid  protoplasm,  to  which  the 
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name  of  *'  sarcode  "  is  commonly  applied.  The  protoplasm  of 
the  outer  layer  of  the  body  is  often  comparatively  firm  in  tex- 
ture, and  clear  or  hyaline  in  aspect  ("  ectoplasm  ") ;  while  the 
central  portion  of  the  body  is  composed  of  more  fluid  proto- 
plasm ("  endoplasm "),  in  which  are  developed  numerous 
minute  granules,  probably  of  a  fatty  nature.  In  many  cases 
the  protoplasm  is  not  surrounded  by  a  definite  outer  envelope 
or  wall,  and  has  no  "nucleus,"  thus  permanently  remaining 
in  the  condition  of  a  mere  "  cytode."  In  other  cases,  there 
is  developed  in  the  protoplasm  a  definite  solid  or  vesicular 
central  body  or  "nucleus,"  and  an  outer  "wall"  is  also 
present,  the  oiganism  thus  constituting  a  "cell." 

As  a  rule,  the  protoplasm  of  the  Protozoa  contains  more  or 
less  numerous  circular  clear  spaces,  which  are  filled  with  a 
watery  fluid,  and  are  termed  "vacuoles."  These  may  be  very 
minute,  or  may  be  of  large  size,  and  they  are  not  only  not 
furnished  with  a  definite  wall,  but  are  only  temporary  and 
variable  in  position.  They  are,  in  fact,  mere  spaces  in  the 
protoplasm,  occupied  either  by  water  or  by  the  fluids  formed 
in  the  process  of  digestion.  In  many  cases,  there  may  be 
observed  in  addition  one  or  two  clear  spaces  in  the  proto- 
plasm, which,  though  without  walls,  differ  from  the  ordinary 
vacuoles  in  being  permanent  in  position,  and  in  opening  and 
closing  at  intervals.  These  are  the  so-called  "contractile 
vesicles  "  or  "  pulsating  vacuoles,"  and  they  have  been  shown, 
in  some  cases,  to  give  out  radiating  tubes  into  the  surrounding 
protoplasm,  and  to  communicate  with  the  exterior.  They  are 
probably  excretory  in  function,  though  they  have  been  looked 
upon  as  a  rudimentary  form  of  circulatoiy  organs. 

There  are  no  traces  of  a  proper  nervous  system  in  any  of 
the  Protozoa  ;  though  structures  which  may  possibly  be  of  the 
nature  of  sense-organs  are  sometimes  present  Food  is  taken 
into  the  body  by  simple  absorption  through  the  general  sur- 
face, by  means  of  "  pseudopodia,"  or,  in  the  higher  forms,  by 
a  distinct  external  opening  or  mouth.  From  the  presence  or 
absence  of  a  mouth  the  Protozoa  have  sometimes  been  divided 
into  the  two  sections  of  the  "stomatode"  and  "astomatous" 
Protozoa;  but  the  distinction  is  one  of  little  value.  Beyond  a 
mouth,  and  sometimes  a  short  gullet,  no  differentiated  alimen- 
tary organs  exist  in  any  Protozoon,  No  proper  reproductive 
organs  exist,  and  ova  and  spermatozoa  are  therefore  not  pro- 
duced by  any  member  of  the  sub-kingdom.  Reproduction  is 
generally  effected  by  cleavage  ("fission"),  with  or  without 
previous  "  conjugation  "  of  two  individuals. 

In  a  few  of  the  Protozoa  contractile  fibres,  which  may  be 
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compared  with  the  muscles:  of  the  higher  animals,  are  de- 
veloped. The  most  characteristic  organs  of  locomotion  among 
the  Protozoa  are,  however,  "  pseudopodia,"  or,  in  other  words, 
prolongations  of  the  sarcode,  which  can  be  thrown  out  from 
a  part  or  from  the  whole  of  the  surface,  and  which  can  be 
again  retracted  and  withdrawn  in  the  general  body-substance. 
In  other  cases,  locomotion  is  effected  by  the  microscopic  hair- 
like processes  known  as  "  cilia,"  which  have  the  power  of  lash- 
ing to  and  fro  or  vibrating  with  great  rapidity.  Sometimes  the 
cilia  are  accompanied  or  replaced  by  long  whip-like  contractile 
processes,  which  act  in  the  same  way,  and  which  are  known  as 
"flagella." 

The  protoplasm  may  be  destitute  of  any  hard  stnictures,  or 
may  have  the  power  of  developing  an  internal  or  external 
skeleton,  generally  composed  of  lime  or  flint,  and  often  of  a 
very  complicated  and  mathematically  regular  form. 

2.  Classification  of  the  Protozoa. — The  sub-kingdom  Protozoa 
is  divided  into  three  classes — viz.,  the  Gregarinid^y  the  Rhizo- 
poda,  and  the  Infusoria.  In  the  Infusoria  only  is  a  mouth 
present,  and  hence  these  are  sometimes  spoken  of  as  the 
"  Stotnatode "  Protozoa^  whilst  the  two  former  classes  collec- 
tively constitute  the  ^^  AstomataJ*  Many  of  the  Infusorians, 
however,  have  no  mouth. 

The  following  is  a  tabular  view  of  the  divisions  of  the 
Protozoa  : — 

Class  I.  CRECARhflDjE.      !•  P  Q  R  u  "2.  C  A- 

Class  II.  Rhizopoda. 

Order  i.  Monera, 
„       2.  Amosbea, 
„      3.  Foraminifera. 
„      4.  Radiolaria, 
„      5.  Heliozoa. 

Class  III.  Infusoria. 

Order  i.  Suctoria,  ' 
„       2.   Ciliata. 
II      3-  Flagellata, 

3.  Class  I.  Gregarinid/e.— The  W€garinyia  may  be  de- 
fined as  Protozoa  in  which  the  body  has  the  form  of  a  simple 
celly  without  any  mouth- aperture^  and  destitute  of  the  power  of 
emitting  pseudopodia.  The  surface  is  not  provided  with  ciiiay 
flagellar  or  contractile  f  laments.     This  class  comprises  minute 
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or  microscopic  animals,  which  are  for  the  most  part  parasitic 
in  their  habits,  and  which  are  found  in  the  alimentary  canal  or 
internal  organs  of  both  Invertebrate  and  Vertebrate  animals^ 
They  are  especially  abundant  as  parasites  of  certain  insects, 
Crustaceans,  or  worms.  Rarely  thfey  are  external  parasites;  or 
are  found  in  decayed  wood.  - 
Anatomically,  an  adult  Gregarine  (fig.  53  B^  and  fig.  14  b) 
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*'»?•  "S* — Gregarinidae.  A,  Gregarina  gigantea^  parasitic  in  the  Lobster,  enlarged,  after 
Van  Beneden.  B.  Monocystis  tnagna^  parasitic  in  the  Earth-worm,  enlarged.  C,  An 
immature  individual  of  Gregarina  btattarum^  greatly  enlarged,  after  Butschli, 
showing  the  separation  of  the  body  into  an  anterior,  middle,  and  posterior  portion  : 
n.  Nucleus. 

has  the  form  of  a  simple  cell,  consisting  of'an  ill-defined  mem- 
branous envelope  filled  with  more  or  less  granular  vsarcode 
with  fatty  particles,  and  sometimes  differentiated  into  a  dis- 
tinct contractile  "  cortical  layer,"  which  contains  in  its  interior 
a  vesicular  nucleus,  this  in  turn  enclosing  a  solid  particle,  or 
nucleolus.  In  some  the  body  exhibits  an  approach  to  a  more 
complex  structure  by  the  presence  of  one  or  two  transverse 
internal  septa  (fig.  13  C,  and  fig.  14  a);  and  a  separate  ord^r 
has  been  founded  for  the  reception  of  such  under  the  name  of 
Dicystideoy  the  simpler  forms  being  grouped  together  under 
the  name  oi  MmocysHdea.  As  regards  their  size,  Gregarines 
vary  from  purely  microscopic  dimensions  up  to  a  length  of 
about  half  an  inch.  The  cell  which  constitutes  the  body  is 
usually  eloi^ated,  and  the  larger  forms  look,  therefore,  li]ce 
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small  worms.  The  cuticle  with  which  the  protoplasmic  body 
is  enclosed  may  be  smooth,  or  striated,  or  may  carry  minute 
hair-like  processes.  Sometimes  one  end  of  the  body  is  fur- 
nished with  hooked  processes  (fig.  14  a),  the  function  of  which 
is  to  attach  the  parasite  to  the  epithelial  lining  of  the  ali- 
mentary canal  of  its  host.  No  differentiated  organs  of  any 
kind,  beyond  the  nucleus  and  nucleolus,  exist,  and  both  as- 


same,  with  the  contents  divided  into  "  pscudonavicella: " ;  e  Free  *' pseudonavi- 
cellae  " ;  /"  Amoebiform  mass  of  protoplasm  liberated  from  a  pseudonavicella ;  £■  and 
A  Active  forms  of/.    Ail  the  figures  are  greatly  enlarged. 

similation  and  excretion  are  performed  by  the  general  surface 
of  the  body.  Though  there  are  no  pseudopodia,  the  body  is 
contractile,  and  slow  movements  can  be  effected.  Reproduc- 
tion is  effected  by  fission  of  the  protoplasm  of  the  body,  either 
in  a  single  individual  or  in  two  individuals  which  have  become 
fused  together,  the  fission  being  preceded  by  a  quiescent  stage 
in  which  the  protoplasm  surrounds  itself  in  a  membranous 
capsule  or  cyst. 

The  following  is  the  general  sequence  of  phenomena  observed  in  the  re- 
production of  the  Gregarines,  these  phenomena  occurring  sometimes  with- 
out apparent  cause,  or  sometimes  resulting  from  the  apposition  and  coales- 
cence of  two  individuals.  In  some  species  conjugation  is  invariable  ;  in 
others  it  never  occurs ;  and  it  may  take  place  either  by  analogous  or  by 
opposite  extremities.     The  Gregarina — or  it  may  be  two  individuals  which 
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have  come  into  contact  and  adhered  together — assumes  a  globular  form, 
becomes  motionless,  and  develops  round  itself  a  structureless  envelope  or 
cyst,  w'hen  it  is  said  to  be  ''encysted"  (fig.  14,  c).  The  central  nucleus 
then  disappears,  apparently  by  dissolution,  whereupon  the  granular  con* 
tents  of  the  cyst  break  up  into  a  number  of  little  rounded  masses,  which 
gradually  elongate  and  become  lanceolate,  when  they  are  termed  "pseudo- 
navicellse"  (or  "pseudonaviculse,"  fig.  14,  </).  The  next  step  in  tne  pro- 
cess consists  in  the  liberation  of  the  pseudonavicellse,  which  escape  by  the 
rupture  of  the  enclosing  cyst  (fig.  14,  /).  If  they  now  find  a  congenial 
habitat,  they  give  origin  to  little  sarcodic  masses,  which  exhibit  lively 
movements,  and  are  endowed  vrith  the  power  of  throwing  out  and  retract- 
ing little  processes  of  the  body  which  closely  resemble  the  ''  pseudopodia  " 
of  the  Rhizopoda;  so  that  the  pseudonavicella  in  this  condition  is  very 
similar  to  an  adult  Amaba  (fig.  14,  f,  g^  h).  Finally,  these  amoebiform 
bodies  are  developed  into  adult  Gregarina.  In  other  cases,  the  contents 
of  the  pseudonavicella  are  converted  in  part  into  sickle-shaped  rods,  which 
ultimately  give  rise  to  adult  Gregarines.  It  will  be  seen  from  the  above 
that  the  formation  of  the  pseudonavicellse  out  of  the  granular  contents  of 
the  body,  subsequent  to  the  disappearance  of  the  nucleus,  presents  a  close 
analogy  to  the  s^mentation  of  the  impregnated  ovum  which  follows  upon 
the  dissolution  of  the  germinal  vesicle.  In  Gregcarina  gigantea  of  the  lob- 
ster the  embryo  is  a  little  mass  of  sarcode,  quite  like  an  Amcsba  except  that 
it  wants  a  nucleus  and  contractile  vesicle.  It  soon  gives  out  two  little  con- 
tractile processes  or  arms,  which  become  detached  and  move  about  like 
little  worms,  when  they  are  termed  **  pseudo-filarise,"  from  their  resemblance 
to  free  Nematoids.  Alter  a  period  of  activity,  the  pseudo-filarian  becomes 
quiescent,  shortens  its  dimensions,  develops  a  nucleus  and  nucleolus,  and 
becomes  an  adult  Gregarina, 

In  the  gills  of  Fishes,  and  in  the  liver,  muscles,  &c.,  of  certain  Mammals, 
are  found  curious  vesicular,  often  caudate  bodies,  which  are  known  as 
"  Psorotpermuty  These  are  in  many  respects  like  the  pseudonavicellse  of 
Gregarines ;  but  their  true  nature  is  uncertain. 

As  regards  the  habitat  of  different  species  of  Gregarines  in  their  adult 
state,  Gregarina  blattarum  lives  in  the  alimentary  canal  of  the  Cockroach, 
and  Gregarina  gigantea  is  found  in  the  Lobster,  reaching  a  length  of  half 
an  inch.  MonocysHs  magna  inhabits  the  testes  of  the  Earth-worm,  and  is  an 
exceedingly  common  form ;  while  MonocysHs  lumbrici  lives  in  the  skin  of 
the  same  animal,  the  cysts  showing  themselves  as  white  points  below  the 
transparent  integument  Monocystis  capitata  is  found,  often  in  great  num- 
bers, attached  to  the  hair  in  the  human  subject ;  and  other  species  of  the 
same  genus  are  found  in  the  muscles,  or  valves  of  the  heart,  or  in  the  kid- 
neys of  man.  Many  other  species  are  known,  inhabiting  the  internal 
o^ans,  body-cavity,  or  alimentary  canal  of  various  Invertebrate  or  Verte- 
brate animals.     One  or  two  forms  have  been  found  in  decaying  wood. 
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CHAPTER   II. 

RHIZOPODA, 

(Sarcodina.) 

General  Characters  or  the  Rhizopoda — The  types  which 
are  grouped  together  under  the  name  of  Rhizopods  may  be 
defined  as  Protozoa  which  are  destitute  of  a  mouthy  and  have 
the  power  of  emitting  psmdopodia.  The  protoplasm  is  not  pro- 
vided with  a  definite  external  envelope  or  wall,  and  may  be 
homogeneous,  or  may  exhibit  a  division  into  a  clear  homo- 
geneous outer  layer  ("  ectoplasm  "  or  "  ectosarc  "),  and  a  more 
fluid  and  granular  internal  portion  ("  endoplasm  "  or  "  endo- 
sarc").  The  characteristic  "  pseudopodia "  are  temporary 
processes  of  sarcode,  sometimes  thread-like,  sometimes  blunt 
or  finger-shaped,  which  can  be  thrust  out  from  various  parts  of 
the  body,  into  the  substance  of  which  they  again  melt  when 
retracted.  They  are  used  in  locomotion  and  in  obtaining 
food.  A  "  nucleus "  and  "  nucleolus  "  are  often  present  in 
the  protoplasm,  and  there  maybe  one  or  more  "contractile 
vesicles";  but  in  other  cases  all  these  structures  may  be 
wanting.  In  many  instances  the  protoplasm  has  the  power  of 
secreting  a  skeleton  of  lime  or  flint;  but  in  other  cases  no 
hard  structures  are  developed. 

Five  principal  types  of  structure  are  known  in  the  Rhizopoda^ 
and  these  constitute  as  many  distinct  orders,  to  .which  the 
names  of  Monera^  Amcsbea,  Foraminifera^  Radiolaria^  and 
Heliozoa  are  given. 

Order  I,  Monera. — This  name  has  been  proposed  by 
Haeckel  for  certain  singular  organisms  which  may  provisionally 
be  regarded  as  the  lowest  group  of  the  Rhizopoda.  They  are 
very  minute  in  size,  and  are  distinguished  by  the  fact  that 
the  body  is  composed  of  structureless  sarcode,  capable  of  emit- 
ting thread-like  prolongations  or  pseudopodia,  but  destitute 
of  either  nucleus  or  contractile  vesicle.  The  pseudopodia  are 
mostly  in  the  form  of  delicate  filamentous  processes  of  sarcode, 
which  exhibit  a  circulation  of  minute  molecules  and  granules 
in  their  interior  and  along  their  edges.  Sometimes  the  pseu- 
dopodia may  be  simple,  as  in  Protamoeba  (fig  15,  tf),  or  they 
may  be  ramified  and  anastomosing,  a$  in  Protogenes  (fig.  i). 
The  form  of  the  body,  though  very  mutable,  may  be  simple ; 
or  the  organism  may  form  a  kind  of  colony  of  protoplasmic 
masses  -united  by  their  interlacing  pseudopodia  (as  in  Myxo- 
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dtdyott).  Sometimes  the  organism  passes  through  a  quiescent 
stage,  alternating  with  a  locomotive  phase  of  existence.  No 
hard  covering,  or  "test"  is  ever  developed.  Reproduction  i$ 
mostly  by  fission,  with  or  without  precedent  encystation  (as  in 
P/vtomyxa,  fig,  15,  b  and  ^)  and  quiescence.    All  the  Monera  are 
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Fig.  15. — Morphology  oi  Monera,    a  Protatttaba  porrecta  ;  b  Protcmyxa  aurautiaca  ; 
c  The  same  in  an  encysted  condition.    Greatly  magnified. 

inhabitants  of  water,  and  they  differ  from  forms  like  the  Amoeba 
in  the  fact  that  the  body  is  a  mere  "  cytode,"  or  a  "  Plasmo- 
dium " ;  the  protoplasm  being  destitute  of  a  nucleus,  and  not 
being  differentiated  into  a  distinct "  ectosarc"  and  "  endosarc." 

Order  II.  Amcebea. — This  order  comprises  those  Rhi- 
zopoda  which  are^  with  few  exceptions^  naked;  have  usually 
shorty  blunt^  lobosepseudopodia^  which  do  not  anastomose  with  one 
cmother ;  and  contain  a  ^^  nucleus*^  {sometimes  several  such) y  to- 
gether with  one  or  more  contractile  vesicles. 

The  Amoebcey  or  Proteus  -  Animalcules,  may  be  taken  as 
t)rpes  of  this  group,  and  a  general  description  of  one  of  these 
wUI  sufficiently  indicate  the  leading  points  of  interest  in  the 
order.  The  Amoebce  are  microscopic  animalcules,  which  in- 
habit firesh  water,  or  occasionally  {eg,^  Amoeba  terricola)  moist 
sand  or  earth.  The  body  (fig.  16,  B)  is  composed  of  gelatin- 
ous sarcode,  which  admits  of  a  more  or  less  distinct  separation 
into  two  layers :  an  outer  transparent  layer,  termed  the  "  ecto- 
sarc^'  or  ''ectoplasm";  and  an  inner,  more  fiuid  and  mobile, 
granular  layer,  called  Uie  "endosarc"  or  "endoplasm."  The 
"  ectosarc  "  is  highly  .extensile  and  contractile,  and  is  the  layer 
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of  which  the  pseudopodia  are  mainly  composed ;  while  the 
"endosarc"  contains  the  "nucleus"  (or  nuclei) and  the  "con- 
tractile vesicle'*  (or  vesicles),  together  with  the  temporary 
cavities  known  as  "vacuoles." 

It  does  not  appear  that  the  ectosarc  is  invested  by  any 


Fig.  16.— A,  Amoeba  developed  in  organic  infusions  (after  Beale),  greatly  enlarged. 
B,  Amaba  princeps  (after  Carter) :  v  Villous  region ;  c  Contractile  vesicle ;  «  Nu- 
cleus; e  Ectosarc. 

proper  outer  membrane  or  "cuticle."  There  is  also  no 
proper  oral  aperture,  and  the  food  is  merely  taken  into  the 
interior  of  the  body  by  a  process  of  intussusception — any 
portion  of  the  surface  being  chosen  for  this  purpose,  and  act- 
ing as  an  extemporaneous  mouth.  Sometimes  the  ingestion 
of  food  takes  place  chiefly  at  the  posterior  end  of  the  body. 
When  the  particle  of  food  has  been  received  into  the  body, 
the  aperture  by  which  it  was  admitted  again  closes  up,  and 
the  discharge  of  solid  excreta  is  effected  in  an  exactly  similar 
but  reversed  manner.  In  this  case,  however,  the  area  of  the 
general  surface  within  which  an  anus  may  be  extemporised, 
appears  to  be  sometimes  more  restricted,  and  to  comprise  a 
portion  only  of  the  body  ("  villous  region  "). 

The  "  nucleus "  (fig.  1 7,  n)  is  an  ovate,  spheroidal,  or  dis- 
coidal  body,  consisting  of  an  outer  membrane  enclosing  fluid 
contents,  and  having  a  smaller  body  or  "nucleolus"  in  its 
interior.  In  the  typical  Amcsba  there  is  usually  only  a  single 
nucleus,  but  there  may  be  two  or  more.  Sometimes  there  are 
even  many  nuclei  (as  is  also  seen  in  such  types  as  Fdomyxd)  \ 
and  in  such  cases  the  nuclei  have  been  sometimes,  erroneously, 
regarded  as  being  connected  with  the  function  of  reproduction. 

The  "  contractile  vesicles  "  are  cavities  within  the  endosarc 
(fig.  17,  c)y  of  which  ordinarily  only  one  is  present  in  the  same 
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individual,  though  there  may  be  two  or  more.  In  position, 
the  "contractile  vesicle,"  or  "pulsating  vacuole,"  as  it  is  often 
called,  is  usually  placed  towards  the  hinder  end  of  the  body. 


^g.  17. — A,  Ametta  prottns,  with  the  pseudopodia  protruded,  enlarged  aoo  diameters 
(after  Leidy):  n  Nucleus;  c  Contractile  vesicle;  v  One  of  the  larger  food-vacu- 
oles ;  en  The  granular  endosarc ;  ec  The  transparent  ectosarc ;  a  A  cell  of  an  Alsa 
taken  in  as  food  (other  cells  of  the  same  Alga  are  obliquely  shaded).  B,  Amaoa 
iDactjtbs/kara)  radiosa^  enlarged  500  diameters  (after  Leidv).  The  body  shows 
two  large  vacuoles,  but  no  nucleus  or  contractile  vesicle.  The  long  and  delicate 
pseudopodia  are  protruded. 

as  is  also  the  nucleus.  It  consists  of  a  spherical  space  or 
cavity  in  the  sarcode,  which  becomes  slowly  dilated  and  filled 
with  fluid,  and  then  contracts,  so  as  to  drive  its  contents  into 
the  surrounding  protoplasm.  This  action  of  alternate  dilata- 
tion and  contraction  is  rhythmically,  though  irregularly,  per- 
formed. There  is  no  connection,  so  far  as  certainly  known, 
between  the  contractile  vesicle  and  the  exterior.    Function- 
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.ally,'  the  contractile  vesicle  has  been  variously  regajtled  ais  aft 
f  excretory  organ,  or  as  a  rudinaentary  circulatory  organ.  Most 
.probably  it  is  connected  principally  with  excretion,  and  per- 
haps also  with  respiration  (Leidy). 

Besides  the  nucleus  and  contractile  vesicle,  the  endosarc 
contains  more  or  less  numerous  temporary  spaces  or  **  vacu- 
oles." Some  of  these  are  simply  cavities  filled  with  fluid, 
which  may  be  derived  from  the  exterior,  or  may  be  the  result 
of  the  process  of  digestion.  Others,  often  called  "  food-vacu- 
oles,"  are  formed  by  the  food-particles  surrounded  by  a  layer 
of  fluid.  In  other,  rarer  cases,  the  vacuoles  may  contain  some 
gas  in  their  interior.  Sometimes  the  vacuoles  are  compara- 
tively small  and  few  in  number ;  in  other  cases,  they  may  be 
very  large  and  numerous,  the  sarcode  thus  assuming  (as,  for 
example,  in  Peiomyxa)  a  more  or  less  frothy  aspect  Some- 
times the  vacuoles  may  even  be  contractile,  but  they  are 
always  temporary  structures,  and  are  subject  to  the  general 
movements  of  the  endoplasm  in  which  they  are  contained. 

There  are  no  traces  of  any  organs  of  sense,  or  of  a  nervous 
system,  or,  indeed,  of  any  other  organs  in  addition  to  those 
already  described.  Locomotion  is  effected  with  moderate 
activity,  but  in  an  irregular  manner,  by  means  of  the  blunt, 
finger-shaped  processes  of  sarcode,  or  pseudopodia,  which  can 
be  protruded  at  will  from  any  part  of  the  body,  and  can  be 
again  retracted  within  it  The  pseudopodia  also  serve  as  pre- 
hensile organs ;  but  they  do  not  interlace  and  form  a  network, 
nor  do  they  exhibit  any  circulation  of  granules  derived  from 
the  endosarc,  as  in  many  others  of  the  Rhizopoda.  In  a  few 
cases,  the  pseudopodia  are  comparatively  long,  slender,  radi- 
ating processes.  This  is  seen  in  Amaba  \Dactylosphard) 
radiosa  (fig.  17,  B) ;  but  in  this  instance  the  animal  has  the 
power  of  withdrawing  its  long  pseudopodia  and  of  throwing 
out  short  and  blunt  ones  of  the  ordinary  type.  Of  a  somewhat 
different  nature  to  the  pseudopodia  are  the  short,  stiff,  sarcodic 
processes  which  form  a  sort  of  tuft  at  the  hinder  end  of  the 
body  in  many  Amcsba  (fig.  16,  B). 

The  process  of  reproduction  in  the  Atrnzba  is  only  imper- 
fectly known.  The  commonest  method,  however,  by  which 
new  individuals  are  produced,  is  certainly  by  the  simple  fission 
or  cleavage  of  the  body  into  two  parts.  A  phenomenon  which 
has  commonly  been  observed  in  the  Anuxba  is  that  the  animal 
under  certain  circumstances  withdraws  its  pseudopodia  and 
assumes  a  globular  shape.  The  external  layer  of  the  proto- 
plasm then  thickens,  and  forms  a  kind  of  protective  capsule 
to  the  endoplajsm  within.     This  condition  of  "  encystation " 
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and  quiescence  has  been  supposed  to  be  connected  with  the 
process  of  reproduction;  but  this  supposition  has  not  been 
satisfactorily  established.  It  would  rather  seem  to  be  the 
result  of  the  superviention  of  unfavourable  external  conditions, 
and  to  be  devoid  of  reproductive  significance. 

The  remaining  members  of  the  Amabea  are  constructed  more  or  less 
closely  after  the  type  of  the  Amoeba  itself.  In  the  nearly  allied  Difflugia, 
the  sarcode  forming  the  body  of  the  animal 
is  invested  with  a  membranous  envelope  or 
"carapace,"  strengthened  by  grains  of  sand 
and  other  adventitious  solid  particles,  and  hav- 
ing  a  single  aperture  at  one  extremity,  through 
which  the  pseudopodia  are  protruded  (fig. 
i8).  The  animal  generally  creeps  about  head- 
downwards,  so  to  speak  ;  that  is  to  say,  with 
the  dosed  end  of  the  carapace  elevated 
above  the  surface  on  which  it  is  moving. 
Difflugia  often  exhibit  the  phenomenon 
known  as  "conjugation"  or  ** zygosis." 
Under  these  circumstances,  two  IHfflugia 
come  in  contact ;  the  mouths  of  the  two  tests 
are  brought  together ;  the  two  animals  flow 
backwards  and  forwards  into  each  other's 
tests,  with  an  apparently  complete  incorpora- 
tion; and  finally  they  separate  again,  and 
each  retires  to  its  own  test.  In  Arcella  there 
is  a  discoid  or  basin-shaped  carapace,  secreted 
by  the  animal  itself,  and  likewise  possessing 
but  a  single  pseudopodial  aperture,  placed  in 
this  case  on  the  flat  surface  of  the  body.  One 
species  of  Arcella  (viz.,  A,  arenaria)  is  ter- 
restrial in  its  habits. 

In  Pamphagus  the  pseudopodia  are  pro- 
truded from  one  extremity  of  the  body  only, 
the  rest  of  the  surface  forming  a  sort  of  thm 
investment  which  does  not  permit  the  protru- 
sion of  pseudopodia.  Cochliopodium  is  like 
Arcella,  but  the  test  is  quite  flexible.  Pseudo- 
chlamys,  Hyalosphenia^  Quadrula^  &c.,  are  other  fresh- water  Rhizopods 
more  or  less  closely  allied  to  Arcella  and  Diffltigia^  but  often  exhibiting 
interesting  and  remarkable  modifications  of  structure. 

The  Amasbea  may  be  divided  into  two  sub-orders  :  i.  Amos- 
binay  including  those  forms  which  have  the  body  naked ;  and 
2.  Arcellina,  comprising  those  in  which  the  body  is  protected 
by  a  carapace.  The  latter  are  included  by  Hertwig  and  Lesser 
along  with  Gromia  and  the  typical  Foraminifera  in  a  common 
group,  to  which  they  give  the  name  of  Thalamophara,  The 
blunt  and  lobose  character  of  the  pseudopodia  in  the  Arcellina 
would,  however,  appear  to  be  a  more  important  character  than 
the  possession  of  a  test,  and  would  assign  to  these  forms  a 
position  close  to  Amcsba, 


Fig.  ii.—Diffiugia  pyriformis, 
greatly  enlai^ed.  (Altered 
slightly  from  Carter).  The  test 
is  composed  of  angular  grains 
of  transparent  quartz,  within 
which  is  the  transparent  ecto- 
sarc,  lined  by  the  nnely  granu- 
lar endosarc.  n  Nucleus;  cc 
Contractile  vesicles. 
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CHAPTER   IIL 

FORAMINIFERA. 

(Reticularia.) 

Order  III.  Foraminifera. — The  Foratninifera  may  be  de- 
fined as  Rhizopoda  in  which  the  body  is  protected  by  a  shell  or 
"  /«/,"  composed  of  carbonate  of  lime^  or  of  sand- grains  cemented 
together^  or^  rarely^  of  chitine  ;  there  is  no  distinct  separation  of  the 
sarcode  of  the  body  into  ectosarc  and  endosarc^  and  a  nucleus  and 
contractile  vesicle  are  present  in  cU  any  rate  some  cases.  The 
pseudopodia  are  long  and  filamentous,  and  interlace  with  one  an- 
other to  form  a  ncttvork. 

As  regards  the  soft  parts  of  the  Foraminifera^  the  body  is 
composed  of  extensile  and  contractile  sarcode — usually  red- 
dish or  yellowish  in  colour — which  not  only  fills  the  interior  of 
the  shell,  but  generally  invests  its  outer  surface  also  with  a  thin 
film,  from  which  the  pseudopodia  are  emitted  (fig.  19,  b).  The 
test,  therefore,  in  this  case,  is  not  a  true  cuticular  secretion, 
like  that  of  the  Mollusca,  but  it  is  truly  immersed  within  the 
sarcode  of  the  body.  The  sarcode  is  not  differentiated  into  a 
distinct  ectosarc  and  endosarc,  and  until  recently  was  believed 
to  be  devoid  of  a  nucleus  and  contractile  vesicle,  and,  indeed, 
of  any  organs  or  specialised  parts  of  any  kind.  Recent  re- 
searches have,  however,  shown  the  presence  of  a  nucleus  and 
of  contractile  vesicles  in,  at  any  rate,  some  of  the  Foramini- 
fera ;  and  these  structures  are,  therefore,  probably  generally 
present,  though  there  are  forms  in  which  they  seem  to  be 
altogether  absent  {e.g.,  in  Lieberkuhnia).  Even  in  the  poly- 
thalamous  forms  there  seems  to  be,  as  a  rule,  only  one  nucleus, 
so  that  the  organism  morphologically  may  be  regarded  as  a 
single  cell. 

The  pseudopodia  in  all  the  Foraminifera  (fig.  20,  b^  c)  are 
filamentous  and  protrusible  to  a  great  length,  and  they  possess 
the  singular  property  of  uniting  together  in  various  directions 
so  as  to  form  a  kind  of  network,  like  an  "animated  spider's 
web."  (Hence  the  name  Reticulosa  applied  to  the  order  by 
Dr  Carpenter.)  This  property,  however,  is  not  peculiar  to  the 
members  of  this  order,  but  is  seen  also  in  Actinophrys  and  in 
the  Thalassicollida,  though  to  a  less  extent.  Further,  through- 
out the  entire  network  formed  by  the  inosculating  pseudo- 
podia there  is  a  constant  circulation  of  minute  protoplasmic 
granules  in  different  directions.     As  regards  the  phenomena 
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of  this  movement,  Max  Schultze  observes  that  "as  the  passen- 
gers in  a  wide  street  swarm  together,  so  do  the  granules  in  one 
of  the  broader  threads  mate  their  way  past  each  other,  often- 


Fig.  19. — Foraminirera.  a  The  animal  of  Nonioniuaj  after  the  shell  has  been  removed 
by  a  weak  add ;  b  Grrmtia  (after  Schultze),  showing  the  shell  surrounded  by  a  net- 
work of  filaments  derived  from  the  body-substance. 

times  stopping  and  hesitating,  yet  always  pursuing  a  deter- 
minate direction,  corresponding  to  the  long  axis  of  the  thread. 
They  frequently  become  stationary  in  the  middle  of  their 
course,  and  then  turn  round ;  but  the  greater  number  pass  to 
the  extreme  end  of  the  pseudopodium,  and  then  reverse  the 
direction  of  their  movement." 

The  Foraminifera  are  specially  characterised  by  the  posses- 
sion of  a  "  test "  or  external  shell,  which  is  usually  composed 
of  carbonate  of  lime,  but  is  often  made  up  of  grains  of  sand 
or  other  adventitious  solid  particles  cemented  together  by 
animal  matter,  or  which,  as  in  Gromiay  may  be  simply  chitin- 
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ous.  The  test  may  be  composed  of  an  aggregation  of  cham- 
bers or  "  loculi "  (fig.  20,  c)f  or  of  a  single  chamber  only,  and  its 
walls  are  usually  pierced  by  numerous  pores  or  "foramina" 
through  which  the  pseudopodia  are  protruded;  the  place  of 
these  being  in  other  forms  supplied  by  the  large  size  of  the 


Fig.  20.— Morphology  of  Foraminifcra.  a  Lagena  vulgaris.  9.  monothalamous  Fora- 
minifer  ;  b  Miliola  (after  Schultze),  showing  the  pseuaopodia  protruded  from  the  oral 
aperture  of  the  shell ;  c  Discorbina  (after  SchultzeX  showing  the  nautiioid  shell  with 
the  foramina  in  the  shell-wall  giving  exit  to  pseudopodia ;  d  Section  of  Nodosaria 
(after  Carpenter) ;  e  Nodosaria  kispida  ;  / Globigtrina  buUoides. 

terminal,  or  "  ^nz/,"  aperture  of  the  shell  (fig.  20,  b\  the  walls 
themselves  being  imperforate. 

The  least  highly  developed  form  of  shell  in  the  Foraminifera 
is  that  which  consists  merely  of  a  thinner  or  thicker  chitinous 
envelope,  as  is  seen  in  Gromia  (fig.  19,  b\  This  is  in  Lieber- 
kiihnia  reduced  to  little  more  than  a  kind  of  moderately 
resisting  cuticle. 

An  advance  upon  the  chitinous  shell  is  that  presented  by 
the  so-called  **  arenaceous "  Foraminifera  (fig.  21),  which  are 
among  the  largest  of  the  living  types,  the  test  being  sometimes 
half  an  inch  or  more  in  length.  In  some  cases  the  "  arenace- 
ous "  test  is  nothing  more  than  a  chitinous  envelope,  protected 
by  a  layer  of  mud,  or  having  sand-grains  more  or  less  largely 
embedded  in  its  substance  (H.  B.  Brady).  Typically,  how- 
ever, the  test  of  the  arenaceous  Foraminifera  consists  of  sand- 
grains  or  other  foreign  particles  united  together  by  a  variable 
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amount  of  a  cementing  material,  this  latter  consisting  princi- 
pally of  peroxide  of  iron  and  carbonate  of  lime  (H.  B.  Brady). 
The  great  majority  of  the  Foraminifera  possess  a  shell  com- 


Fig.  ai.— Shelb  of  Arenaceous  Foraminifera.  A,  Test  of  Astrorhiza^  greatly  enlarged  ; 
B,  Te«  of  Trochammina  ringens,  enlarged  thirty  times ;  C,  Test  of  Trochammina 
UtMi/ormU^  enlarged  eighteen  times.    (After  Carpenter  and  Brady.) 

posed  of  carbonate  of  lime,  with  or  without  variable  quantities 
of  other  constituents.  Two  chief  varieties  of  these  calcareous 
shells  are  known,  termed  respectively  the  "  porcellanous  "  and 
the  "  hyaline  "  or  "  vitreous  "  types.  In  the  so-called  "  porcel- 
lanous "  shells  (as  in  Miliola^  fig.  20,  b)^  the  test  is  quite  homo- 
geneous in  its  composition,  opaque-white  when  seen  by  re- 
flected light,  and  having  its  walls  not  perforated  by  pseudo- 
podJal  apertures.  Normally  the  shell  is  calcareous,  but  it  may 
be  incnisted  by  sand-grains,  or  it  may  even  be  to  a  larger  or 
smaller  extent  composed  of  silica,  as  Mr  Henry  Brady  has 
shown  to  be  sometimes  the  case  in  certain  of  the  Miliolida. 
The  so-called  "  hyaline  "  or  "  vitreous  "  shell  is  also  calcareous 
in  its  composition,  but  it  is  transparent  and  glassy  in  texture,  and 
its  walls  are  perforated  by  numerous  pseudopodial  apertures. 

As  has  just  been  mentioned,  the  test  in  many  Foraminifera 
has  its  walls  perforated  by  numerous  tubules,  which  open  on 
the  surface,  and  permit  of  the  exit  of  the  pseudopodia,  whereas 
in  others  the  shell-wall  is  without  these  pseudopodial  foramina. 
This  has  been  used  as  a  character  to  divide  the  entire  group  of 
the  Foraminifera  into  the  two  sections  of  the  Perforata  and  Im- 
perforata  ;  the  former  including  the  hyaline  or  vitreous  types, 
while  in  the  latter  are  comprised  the  "porcellanous,"  "arena- 
ceous," and  "  chitinous  "  t3qpes.     It  has  been  shown,  however, 
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that  this  division  is  not  strictly  natural,  since  various  arena- 
ceous types  possess  a  test  which  is  more  or  less  extensively 
porous. 

It  would  appear,  therefore,  that  the  composition  of  the  shell 
is  liable  to  variation,  in  accordance  with  the  nature  of  the 
materials  obtainable  at  any  particular  station  by  the  organism, 
so  that  too  great  stress  cannot  be  laid  upon  this  character  in 
classification.  As  a  rule,  the  arenaceous  test  is  imperforate, 
and  the  pseudopodia  are  emitted  by  the  terminal  aperture  of 
the  shell ;  but  cases  are  not  unknown  in  which  the  walls  are 
porous.  Finally,  there  is  a  group  of  forms  in  which  the  test 
(as  in  Gromia)  is  composed  simply  of  chitine. 

In  some  of  the  Foraminifera^  hence  called  "simple"  or 
''unilocular"  {Monothalamia\  the  shell  consists  of  a  single 
chamber,  and  the  animal  is,  in  fact,  nothing  more  than  a  little 
mass  of  sarcode  enveloped  in  a  chitinous  or  calcareous  cover- 
ing. Orbulina  (fig.  22,  a\  or  Lagena  (fig.  20,  (i)  with  its  beautiful 
flask-shaped  shell,  may  be  taken  as  types  of  this  division.  An- 
other well-known  unilocular  form  is  Entosolenia^  which  is  like 
Lagena  in  shape,  but  has  the  tubular  neck  reversed,  so  as  to 
be  inserted  into  the  interior  of  the  test  In  the  more  complex 
Foraminifera^  the  sarcode  of  the  body  undergoes  a  subdivision 
into  partially  separated  segments,  produced  by  constrictions  in 
the  growing  protoplasm,  and  each  of  these  segments  becomes 
more  or  less  completely  divided  off  from  its  neighbours,  or 
enclosed  by  a  wall  of  shell.  In  these  "  multilocular "  or 
"  polythalamous  "  Foraminifera^  therefore,  the  shell  ultimately 
comes  to  consist  of  a  series  of  chambers,  separated  by  parti- 
tions of  the  test,  and  filled  with  sarcode  (fig.  22,  h-f).  The 
partitions,  however,  or  **  septa,"  between  the  different  cham- 
bers, are  perforated  by  one  or  more  apertures,  through  which 
pass  connecting-bands,  or  "stolons,"  of  sarcode;  so  that  the 
sarcode  occupying  the  different  chambers  is  united  into  a  con- 
tinuous and  organic  whole.  Each  segment  may  give  out  its 
own  pseudopodia  through  perforations  in  its  investing  wall 
(fig.  20,  ^),'or  the  pseudopodia  may  be  simply  emitted  from 
the  mouth  of  the  shell  by  the  last  segment  only  (fig.  20,  b). 
In  any  case  the  direction  in  which  the  segments  are  developed 
is  governed  by  a  determinate  law,  and  differs  in  different 
species,  the  form  ultimately  assumed  by  the  shell  depending 
wholly  upon  this.  The  forms,  however,  assumed  by  the  shells 
of  Foraminifera  are  extremely  variable,  and  it  would  be  im- 
possible to  notice  even  the  chief  types  in  this  place.  There 
are,  however,  two  or  three  important  variations  which  may  be 
noticed.     If  the  segments  of  the  protoplasm  are  produced  in  a 
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linear  series,  so  as  to  form  a  shell  composed  of  numerous 
chambers  arranged  in  a  straight  line,  we  get  such  a  type  as 
Nadosaria  (fig.  20,  e).  If  the  shell  consists  of  a  double  alter- 
nate parallel  series  of  chambers,  we  have  such  a  type  as  Tex- 
tularia  (fig.  22,  r).    When  the  new  chambers  are  added  in  a 


Fig.  3«.— Shells  of  Foramini/ertu ^  a,  .Orbulina  universa^  in  its  perfect  condition, 
showing  the  tubular  spines  which  radiate  from  the  surface  of  the  shell ;  ^,  Globi- 
gerina  hnlUrideSt  in  its  ordinary  condition,  the  thin  hollow  spines  which  are  attached 
to  the  shell  when  perfect  having  been  broken  off;  c,  Textularia  variabilis  I  d^ 
Peneroflis  ^ianatus ;  e,  Rotalia  concamerata ;  /,  CristeUaria  suharcuatula. 
(Fig.  a  is  after  Wyville  Thomson;  the  others  are  after  Williamson.  All  the  figures 
are  greatly  enlarged.) 

spiral  direction,  each  being  a  little  larger  than  the  one  which 
preceded  it,  and  the  coils  of  the  spiral  lying  in  the  same  plane, 
we  get  such  a  form  as  Discorbina  (fig.  20,  c\  or  Robulina, 
These  are  the  so-called  "nautiloid"  Foraminifera^  from  the 
resemblance  of  the  shell,  in  figure,  to  that  of  the  Pearly 
Nautilus.  From  this  resemblance  the  nautiloid  Foraminifera 
were  originally  placed  in  the  same  dass  as  the  Nautilus 
(  C€phaJop0da\  but  their  true  position  was  shown  by  the  exam- 
ination of  their  soft  parts.  In  the  typical  nautiloid  shell  the 
convolutions  of  the  spiral  all  lie  in  one  plane ;  but  in  other 
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cases,  as  in  Rotalia  (fig.  22,  i)  the  shell  becomes  turreted  or 
top-shaped,  in  consequence  of  the  coils  of  the  spiral  passing 
obliquely  round  a  central  axis.  In  other  cases,  as  in  Tinoporus^ 
the  chambers  are  arranged  in  an  irregular  or  "acervuline" 
manner. 

In  certain  of  the  polythalamous  Foraminifera^  the  successive  chambers 
are  so  produced  that  the  septum  between  any  two  of  them  is  formed 
solely  by  the  anterior  wall  of  the  older  chamber,  which  thus  constitutes 
the  posterior  wall  of  the  newer  one  (fig.  20,  e).  In  the  highest  types  of 
the  compound  Foraminifera^  however,  each  segment  is  provided  with  its 
own  proper  wall  of  shell,  each  segment,  as  it  is  produced,  forming  for  itself 
a  posterior  wall  which  applies  itself  to  the  anterior  wall  of  the  preceding 
segment,  so  that  each  septum  (** Septal  plane  ")  is  composed  oitwo  lamellae, 
as  seen  in  fig.  23,  A  (Carpenter).     Moreover,  **in  the  higher  types  of  the 


Fig.  23. — A.  Diagram  of  one  of  the  higher  forms  of  the  vitreous  ForamiMt/era,  showing 
the  double  nature  of  the  septa  {b\  the  stolon-passages  between  successive  chambers 
(a),  and  the  supplemental  skeleton  (</) ;  B,  Test  of  Calcaritia  Spengleri^  ma|;nified 
twelve  diameters,  showing  the  spines  formed  by  the  supplemental  skeleton  ;  C,  Part 
of  a  section  of  the  test  of  Calcaritia^  magnified  fifty  diameters,  showing  the  tubulated 
"proper  walls  "of  the  chambers  («),  and  the  canal-system  of  the  intermediate  skeleton 
{a)\  D,  Part  of  the  test  of  Nutnmulina  lavigata^  highly  magnified,  showing  the 
canal-system  of  the  septa  (x),  ahd  marginal  cord  (»).    (After  Carpenter.) 

hyaline  or  vitreous  series  we  frequently  meet  with  an  *  intermediate  *  or  *  sup- 
plemental' skeleton,  formed  by  a  secondary  or  exogenous  deposit  upon 
the  outer  walls  of  the  chambers,  by  which  they  receive  a  great  accession 
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of  strength.  This  de[x>sit  not  only  fills  up  what  would  otherwise  be  super- 
ficial hollows  at  the  junctions  of  the  chambers  (fig.  23,  A,  d)^  or  (as  in 
Pofystomella)  at  the  umbilical  depression,  but  often  forms  a  layer  of  con- 
siderable thickness  over  the  whole  surface,  thus  separating  each  whorl  from 
that  which  encloses  it ;  and  it  is  sometimes  prolonged  into  outgrowths  that 
give  a  very  peculiar  variety  to  the  ordinary  contour,  as  in  some  varieties 
of  Roialia  and  Polystomella^  but  most  characteristically  in  Calcarina  (fig. 
23,  B).  This  intermediate  or  supplemental  skeleton,  wherever  developed 
to  any  considerable  extent,  is  traversed  by  a  set  of  'canals,'  which  are 
usually  arranged  upon  a  systematic  plan,  and  are  sometimes  distributed 
with  considerable  minuteness  "  (Carpenter).  The  canals  of  this  system  are 
doubtless  filled  in  the  living  state  by  prolongations  of  the  sarcode,  which 
serve  to  keep  up  the  vitality  of  the  intermediate  skeleton.  This  interme- 
diate skeleton,  with  its  canal-system,  is  largely  developed  in  many  of  the 
highest  and  largest  of  the  typ^es  of  the  Hyaline  Foraminifera  (such  as 
Nummulinoi\, 

A  few  words  may  be  added  here  with  regard  to  those  Fora-- 
minifera  which  have  a  chitinous  test,  or  in  which  the  proto- 
plasm is  protected  by  a  sort  of  pseudo-test  (as  in  Diaphoropo- 
don)  formed  of  adventitious  particles.  These  forms  have  been 
included  in  a  single  group  of  which  Gromia  is  the  type,  and 
to  which  the  name  of  Gromida  has  been  applied.  The  test 
is  always  one  -  chambered,  and  usually  has  an  opening  or 
"  mouth "  at  one  end  only,  rarely  at  both  ends.  A  nucleus 
and  contractile  vesicles-  may  be  present  or  wanting ;  and  the 
pseudopodia  are  long  and  filamentous,  and  more  or  less  retic- 
ulated. Of  these  simple  types,  Gromia  (fig.  19,  b)  is  repre- 
sented by  both  marine  and  fresh-water  species,  one  species 
being  known  to  inhabit  moss.  The  test  is  a  chitinous  capsule, 
from  a  terminal  aperture  in  which  the  protoplasm  gains  the 
exterior.  LUberkuhnia  is  like  Gromia^  but  the  test  is  exceed- 
ingly delicate,  and  the  pseudopodia  are  given  off  from  a  kind 
of  common  stalk,  instead  of  from  the  whole  surface  of  the 
body.  Microgromia  (fig.  24)  resembles  Gromia  in  structure, 
but  forms  loose  colonies  by  the  root-like  union  of  the  pseudo- 
podia of  a  number  of  individuals.  It  lives  in  fresh  water,  and 
reproduces  itself  by  giving  exit  to  amceboid  masses  of  proto- 
plasm, each  of  which  develops  two  flagella,  thus  constituting 
firee  locomotive  "swarm-spores."  Euglypha  and  Diplophrys 
are  other  forms  allied  to  Gromia,  the  former  having  an  inflex- 
ible and  sculptured  test,  while  the  latter  has  two  oppositely- 
placed  apertures  in  the  shell,  in  place  of  a  single  terminal 
opening. 

Classification  of  the  Foraminifera. — The  earlier  classifications  of 
the  Foraminifera  were  based  chiefly  upon  the  form  of  the  shell,  and  were 
purely  artifiaaL  More  recent  classifications  have  usually  been  based  upon 
the  "perforate"  or  "imperforate "  character  of  the  shell  as  a  primary  dis- 


86  MANUAL  OF  ZOOLOGY. 

tinction.    By  Mr  Henry  B.  Brady,  the  minute  structure  of  the  test  has  been 
abandoned  as  an  exchisive  basis  for  the  subdivision  of  the  Foraminifera, 


Fig.  94. — A  colony  of  Microfromia  sociaits,  showing  the  different  members  of  the  colony 
united  by  their  branching  pseudopodia.    Greatly  enlarged.    (After  Hertwig.) 

and  it  will  be  sufficient  to  subjoin  here  a  table  of  the  families  into  which 
the  order  is  divided  by  this  eminent  authority : — 

Order  Foraminifera  (Reticularia). 

Family  I.  Gromid^ — Test  chitinous  ;  smooth  or  encrusted  with  for- 
eign bodies;  with  a  pseudopodial  aperture  at  one  or  both  extremities. 
Ex. — Gromia^  Microgromia^  LuberkuhfUa, 

Family  2.  MiLiOLiD^. — Test  imperforate;  normally  calcareous  and 
porcellanous,  sometimes  encrusted  with  sand,  or,  under  certain  conditions, 
chitinous  or  siliceous.  Ex. — Biloculina,  Peneroplis  (fig.  22,  </)»  Orbitolites. 

Family  3.  AsTRORHiziDiG.  —  Test  composed  of  sand-grains  or  other 
foreign  bodies,  usually  more  or  less  united  into  a  coherent  test  by  a  cement- 
ing material.  Usually  the  test  is  monothalan\ous,  often  branched  or  radi- 
ate, sometimes  partially  subdivided,  but  seldom  or  never  truly  septate. 
Ex. — Astrorhiza  (fig.  21,  A),  Bhabdammina^  Saccammina. 

Family  4.  LiTUOLiDyE. — Test  arenaceous,  usually  regular  in  contour ; 
septation  of  the  polythalamous  forms  often  imperfect ;  chambers  frequently 
labyrinthic.     Ex. — Lituola^  Trochammina  (fig.  21,  B  and  C),  Endothyra. 

Family  5.  TEXTULARiDit. — Tests  of  the  larger  species  arenaceous, 
with  or  without  a  perforate  calcareous  basis;  smaller  forms  hyaline  and 
perforated.  Chambers  arranged  in  two  or  more  alternating  series,  or 
spiral,  or  confused.     Ex. — Textularia,  Valvulina, 

Family  6.  Chilostomellid^e. — Test  calcareous,  perforate,  polythala- 
mous. Segments  following  each  other  from  the  same  end  of  the  long  axis, 
or  alternately  at  the  two  ends,  or  in  cycles  of  three ;  more  or  less  embrac- 
ing. Aperture  a  curved  slit  at  the  end  or  margin  of  the  final  segment. 
Ex. — Cnilostomella. 

Family  7.  LAGENiDiC  — Test  calcareous,  finely  perforated ;  either  mono- 
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thalamous,  or  coDsisting  of  a  number  of  chambers  joined  in  a  straight, 
curved,  spiral,  alternating,  or  (rarely)  branched  series.  Aperture  simple 
or  radiate,  terminal.  No  interseptal  skeleton  nor  canal-system.  £x. — 
LagenOy  Ncdosaria,  Cristellaria, 

Family  8.  GLOBiGERiNiDyG. — Test  free,  calcareous,  perforate;  cham- 
bers few,  inflated,  arranged  spirally.  Aperture  single  or  multiple,  con- 
spicuous. No  supplementary  skeleton  nor  canal-system.  Ex. — Giobi- 
gerina^   Orbulina, 

Family  9.  RoTALiDi«. — Test  calcareous,  perforate ;  free  or  adherent. 
Typically  spiral  and  "  rotaliform" — i.^.,  coiled  in  such  a  manner  that  the 
whole  of  the  segments  are  visible  on  the  upper  surface,  those  of  the  last 
convolution  only  on  the  inferior  or  apertural  side.  Ex, — Rotalia^  Dis- 
corbina. 

Family  10.  NuMMULlNibiB. — Test  calcareous  and  finely  tubulated  ; 
typically  free,  polythalamous,  and  symmetrically  spiral.  Often  a  "sup- 
plemental skeleton"  and  canal-system.  Ex, — Nummulina^  Pofystomella, 
FusulifUif  Nonicnina, 


Distribution  of  the  Foraminifera  in  Space. — A  com- 
paratively small  number  of  the  Foraminifera,  including  such 
types  as  Gromia  (some  species),  LieberkUhnia^  Euglypha^  &c., 
are  fresh-water  in  habit ;  but  by  far  the  larger  number  of  forms 
live  in  the  sea.  One  species  of  Gromia  is  terrestrial.  As 
regards  the  marine  forms,  many 
species  abound  in  shallow  water, 
and  may  be  obtained  by  dredg- 
ing, by  searching  in  the  shelly 
sand  of  the  sea -shore,  or  by 
examining  submarine  bodies  of 
ail  kinds  which  may  be  thrown 
up  on  shore  during  storms. 

A  small  number  of  types,  be- 
longing, according  to  Mr  Henry 
Brady,  to  eight  or  nine  genera, 
are  pelagic  in  their  habits,  and 
**  pass  their  existence,  either  in 

part  or  entirely,  at  the  surface  Fig.  25.-OrganUins  in  the  Atlantic 
of  the  ocean  or  in  mid-water."  ^^i±,.^.:?'-i!/rX^f±fer^ 
By  far  the  largest  number  of 
types,  however,  are  destitute  of 
swimming  or  floating  powers,  and  live  on  the  bottom  of  the 
sea.  Though  only  a  few  genera  have  pelagic  representative^, 
these  few  are  of  great  importance,  owing  to  the  extraordinary 
profusion  in  which  they  occur  individually.  The  principal 
pelagic  genus  is  Globigerina  (fig.  22,  ^),  most  of  the  species  of 
which  live  in  the  open  sea,  though  one  species  seems  to  live 
always  at  the  bottom.  The  shells  of  the  pelagic  Foraminifera^ 
after  the  death  of  the  animal,  fall  to  the  bottom  of  the  sea, 


ooze, 
^  ,  _  !«  and 
Textularia\  with  Polycystina^  and 
Spon^e-spicules ;  highly  magnified. 
(Original.) 
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where  they  accumulate  to  form  (along  with  the  shells  of  the 
species  which  live  habitually  at  the  bottom)  great  deposits 
of  "  Foraminiferal  mud."  Thus,  the  bottom  of  the  deep  sea 
is  covered  over  vast  areas  with  a  calcareous  mud  or  "  ooze  " 
formed  chiefly  of  the  shells  of  Foraminiferay  the  genus  Globigtr- 
ina  (fig.  25)  playing  the  principal  part  in  the  formation  of  these 
deposits.  The  deep-sea  dredgings  of  late  years  have  further 
brought  to  light  a  great  number  of  forms  of  "  arenaceous  " 
Foraminifera  of  the  most  varied  and  interesting  nature. 

Distribution  of  Foraminifera  in  Time. — Remains  of 
Foraminifera  are  found  abundantly  in  all  the  great  stratified 
formations  except  the  very  oldest.  Leaving  out  of  sight  the 
problematical  body  to  which  the  name  of  Eozoon  has  been 
applied,  the  earliest  remains  of  Foraminifera  occur  in  the 
Ordovician  rocks.  In  the  later  Palaeozoic  rocks  extensive 
beds  of  limestone  are  often  largely,  or  almost  wholly,  made  up 
of  the  tests  of  Foraminifera.  Examples  of  these  "  Foramini- 
feral limestones"  are  the  *^ Fusulina  limestones"  of  the  Car- 
boniferous formations  of  Russia,  Armenia,  &c ;  the  "  Endo- 
thyra  limestones "  of  the  same  formation  in  North  America ; 
and  the  "  Saccammina  limestones  "  of  the  Carboniferous  series 
of  Britain.  The  genus  Saccammina  is  particularly  interesting, 
as  it  not  only  occurs  in  rocks  as  old  as  the  Ordovician,  but 
Sars  has  found  vast  numbers  of  a  living  species  of  the  same  in 
the  North  Sea.  In  the  Secondary  rocks,  Foraminifera  occur 
in  great  abundance.  The  thick  and  widely-spread  formation 
of  the  White  Chalk,  in  particular,  is  largely  composed  of  the 
shells  of  Giobigerina  and  of  other  Foraminifera,  and  it  may 
therefore  be  regarded  as  an  ancient  representative  of  the 
"  Foraminiferal  Ooze  "  of  modem  oceans.  Lastly,  in  the  Ter- 
tiary rocks,  the  Foraminifera  attain  their  maximum  of  develop- 


«  a  ^ 

Fig.  96,~-NummMiiHa  lavigata.    Eocene. 

ment,  both  as  regards  the  size  and  the  number  of  the  forms 
which  characterise  them.  The  period  of  the  Middle  Eocene 
is  especially  distinguished  by  a  very  widely-spread  and  easily- 
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recognised  rock  known  as  the  Nummulitic  Limestone,  so  called 
from  the  abundance  in  it  of  a  large  coin-shaped  Foraminifer 
tenned  the  Nummulite  (fig.  26).  The  Nummulitic  Limestone 
stretches  from  the  west  of  Europe  to  the  frontiers  of  China ; 
but  in  some  cases,  in  place  of  Numtnulina  proper,  it  contains 
the  remains  of  a  different,  but  similarly-shaped,  form  termed 
Orfntoides. 


CHAPTER    IV. 

RADIOLARIA  AND  HELIOZOA, 

Order  IV.  Radiolaria. — The  Radiolaria  may  be  defined  as 
Rhizopods  in  which  t/ie  sarcode-body  consists  of  a  central  proio- 
plasmic  mass  {or  of  several  such)^  enclosed  in  a  more  or  less  porous^ 
membranous y  or  chttinous  capsule^  which  in  turn  is  surrounded  by 
an  envelope  of  sarcode.  The  pseudopodia  have  the  form  of  slender 
radiating  filaments,  which  rarely  anastomose  with  one  another. 
Usually,  the  protoplasmic  body  secretes  a  radially-disposed  silice- 
ous skeleton.     No  contractile  vesicle  is  present 

The  protoplasm  of  the  body  of  a  Radiolarian  consists  typi- 
cally of  a  central  and  a  peripheral  portion^  of  which  the  former 
is  enclosed  in  a  porous,  membrailous,  or  chitinous  capsule, 
while  the  latter  is  surrounded  by  a  gelatinous  investment.  The 
extra-capsular  sarcode  is  often  brightly  coloured,  and  is  usually 
more  or  less  largely  vacuolated.  From  its  outer  surface  are 
given  out  the  long,  filamentous,  radiately-disposed  pseudo- 
podia (fig.  27),  and  within  it  are  contained,  as  a  rulej  more  or 
less  numerous  nucleated  cells,  which  have  yellow  protoplasmic 
contents  along  with  starch  granules,  and  which  have  been 
commonly  spoken  of  as  "yellow  cells."  These  singular  struc- 
tures are  known  to  be  really  parasitic  Alga.  The  intra-cap- 
sular  sarcode  contains  a  single  nucleus  or  several  small  nuclei, 
but  there  is  no  contractile  vesicle.  Skeletal  structures,  in  the 
form  of  spicular,  radiating  spines,  or  fenestrated  shells,  may  be 
developed  in  either  the  extra-capsular  or  the  intra-capsular 
sarcode,  or  in  both.  These  skeletal  structures  may  be  want- 
ing; but,  when  present,  they  are  almost  always  siliceous, 
rarely  homy,  never  calcareous.  The  animal  is  usually  simple, 
varying  in  size  from  7^  to  ^  inch,  or  rarely  more,  but  in 
other  cases  {CoUozoum)  colonies  are  formed,  which  may  reach 
two  inches  in  diameter. 
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Reproduction  is  often  by  fission ;  but  in  other  cases  the  intra- 
capsular sarcode  breaks  up  into  minute  germs  or  zoospores, 
each  of  which  possess  a  nucleus  and  a  flagellum. 


Fig.  27.  Eucecryphalus  SckuUzeiy  with  the  pseudopodia  extended,  showing  the  per- 
forated siliceous  test  and  the  lobed  protoplasmic  body.  After  KOlliker.  ^The  author 
is  indebted  to  the  kindness  of  Professor  Mivart  for  the  use  of  this  engraving.) 

The  following  are  the  more  important  groups  of  the  Radio- 
laria : — 

I.  Family  Acanthometrina. — The  Acanthometrce  (fig.  28,  a) 
are  all  minute,  and  are  found  floating  near  the  surface  in  the 


Fig.  28. — a  AcaHth4fmeira  lanceolatal  b  Haliomma  kexacanthumt  one  of  the 
Polycyitina^  showing  the  radiating  pseudopodia.    (After  MOller.) 

open  ocean,  sometimes  in  great  numbers.  They  consist  of 
sarcode-bodies,  which  are  supported  by  a  framework  of  radiat- 
ing siliceous,  or  homy  spines,  the  extremities  of  which  usually 
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project  considerably  beyond  the  body.  The  siliceous  spines 
are  hollow,  being  grooved  at  the  base  by  a  gutter,  which  is 
continued  further  up  the  spine  by  a  canal  terminating  at  the 
apex  of  the  spine  by  a  distinct  aperture.  The  spines,  in  con- 
sequence of  this  structure,  are  able  to  serve  for  the  trans- 
mission of  the  pseudopodia,  which  gain  the  exterior  by  running 
through  the  canals  and  escaping  at  their  apices.  Many  of 
the  pseudopodia,  however,  do  not  occupy  the  canals  of  the 
spines. 

II.  Fam.  Polycystina. — The  members  of  this  family  pos- 
sess a  body  of  sarcode,  which  is  enclosed  in  a  foraminated 
siliceous  shell,  which  is  often  furnished  with  spine-like  pro- 
cesses, and  is  usually  of  great  beauty  (figs.  27,  28,  29).  The 
sarcodic  substance  of  the  body  is  olive-brown  in  colour,  with 
yellow  globules,  and  often  does  not  entirely  fill  the  shell.  The 
pseudopodia  are  emitted  through  the  foramina  in  the  test,  and 
are  long,  ray-like  filaments,  which  display  a  slow  movement 
of  granules  along  their  borders.  A  nucleus  has  been  stated 
to  be  wanting. 

The  Polycystitia  are  all  microscopic,  and  are  all  inhabitants 
of  the  sea,  having  a  very  wide  distribution.  They  likewise 
extend  to  great  depths ;  and  one  of  the  numerous  facts  of  in- 


Fig.  29. — Skeletons  of  Polycvttina.    A,  Stylodictya  multUpina  ;  B.  Podocyrtis  Sckom- 
burgii;  C,  Eucyrtidium  lagena,    (After  Haeckel.) 


terest  brought  to  light  by  the  researches  of  the  Challenger 
Expedition,  under  Sir  Wyville  Thomson,  has  been  that  large 
areas  of  the  sea-bottom,  up  to  the  enormous  depth  of  4500 
fathoms,  are  formed  by  an  "  ooze  "  composed  of  the  siliceous 
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cases  of  Polycystina  and  other  Radiolarians.  Similar  deposits 
of  Tertiary  age  are  known  as  occurring  in  the  crust  of  the 
earth  in  various  regions.  One  of  the  best  known  of  these  is 
the  "  Barbadoes  Earth,"  which  is  almost  wholly  composed  of 
the  delicate  flinty  shells  of  the  Polycystina,  The  remains  of 
Polycystina  have  also  now  been  detected  in  rocks  as  old  as 
the  Jurassic  formation. 

III.  Fam.  Collozoa. — In  this  family  the  organism  is  usually 
compound,  though  occasionally  simple.  A  skeleton  may  be 
wholly  wanting  (as  in  the  composite  Collozoum),  or  may  exist 
in  the  form  of  spicules  or  of  a  foraminated  shell.  The  simple 
types  always  possess  a  mere  spicular  skeleton,  and  the  same 
is  true  in  such  forms  as  Sphcerozoum  (fig.  30,  b).    On  the  other 
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Fig.  30.— Morphology  of  Radiolaria.  a  Siliceou.s  fenestrated  test  of  CoUosfhara 
Huxleyi ;  b  Sphxrotoum  M^rum,^  showing  numerous  capsules,  compound  groups  of 
spicules,  and  radiating  pseudopodia. 

hand,  in  such  forms  as  Collosphcera  (fig.  30,  «)  there  is  a 
spheroidal  fenestrated  test,  the  skeleton  thus  approximating 
in  character  to  that  of  the  Polycystina,  The  members  of  this 
family  sometimes  attain  a  considerable  size,  and  are  found 
floating  near  the  surface  in  most  seas. 

IV.  Fam.  Thalassicollida. — This  family,  as  now  restricted, 
comprises  floating  marine  organisms,  which  are  in  many  re- 
spects closely  allied  to  the  preceding,  but  in  which  the  intra- 
capsular sarcode  contains  a  complex  nucleus.  The  skeleton 
may  be  wanting  (as  in  Thalassicolla  and  Thalassolampe)j  or  it 
may  be  present  in  the  form  of  spicules  or  spines  developed  in 
the  extra-capsular  sarcode. 

Order  V.  Heliozoa. — The  Heliozoa  may  be  defined  as 
Rhizopoda^  which  possess  a  contractile  vesicle^  and  are  devoid  of 
a  central  capsule.  The  body  is  naked,  or  is  provided  with  skeletal 
structures  of  a  variable  nature,  but  sometimes  siliceous.  The 
pseudopodia  stand  out  like  rays,  but  may  anastomose  with  one 
another. 
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In  their  radiant  pseudopodia  and  in  the  occasional  presence 
of  siliceous  spicules,  the  Hdiozoa  are  allied  to  the  typical 
Radiolarians  \  but  in  the  absence  of  a  central  capsule  and  the 
presence  of  a  contractile  vesicle,  they  approximate  to  the 
Amctbea.  They  must  therefore  be  regarded  as  an  inosculating 
group,  related  on  the  one  hand  to  the  Amcsbeay  and  on  the 
other  to  the  Radiolaria, 

All  the  Heliozoa  are  inhabitants  of  fresh  water,  and  we  may 
select  as  a  type  the  common  "Sun-animalcule"  (Actinophrys 
so/)y  in  which  no  hard  structures  are  developed.  In  this 
animalcule  (fig.  31),  the  body  consists  of  a  spherical  mass 


Tig.  31. — ActiMopkrys  scl^  magnified  500  diameters.  (After  Leidy).  The  large  project- 
ing sphere  on  one  side  is  the  contractile  vesicle,  while  the  smaller  light  spaces  are 
vacuoles ;  the  shaded  spherules  belong  to  Algte  taken  as  food. 

of  sarcode,  about  ^iins  o^  ^"  ^^^^h  in  diameter,  and  usually 
covered  with  long  radiating,  filamentous  pseudopodia,  which 
are  much  less  mobile  than  in  the  case  of  the  Ammba,  The 
division  of  the  substance  of  the  body  into  ectosarc  and  endo- 
sarc  is  tolerably  evident,  and  the  latter  contains  numerous 
granules  and  vacuoles.  The  pseudopodia  are  derived  from 
the  ectosarc  alone,  the  endosarc  not  passing  into  them,  and 
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they  exhibit  a  circulation  of  granules  along  their  edges,  though 
this  is  not  nearly  so  marked  a  feature  as  in  the  case  of  the 
Forammi/era,  A  nucleus  and  contractile  vesicle  are  also 
present,  the  former  being  of  very  large  size,  while  the  latter 
projects  beyond  the  general  surface.  Several  individuals  often 
become  fused  together,  with  a  complete  amalgamation  of  their 
bodies,  the  nuclei  alone  remaining  distinct ;  and  the  individ- 
uals thus  united  may  become  again  separate. 

AcHnophrys  occurs  in  both  fresh  and  salt  water.  Actino- 
spharium  is  in  many  respects  like  AcHnophrys^  but  each  of  the 
pseudopodia  is  supported  upon  a  strong  albuminous  spine; 
and  the  sarcode  of  the  body  is  vesicular  or  **  alveolar,"  while 
numerous  nuclei  exist  in  the  central  sarcode.  In  Heterophrys 
(fig.  32),  there  is  a  globular  body,  the  ectosarc  of  which  is  sur- 


Fig.  yi,*^H€terophrys  tfini/era^  one  of  the  HtUozea^  P'eatly  enbuged.    (After  Hertwi^ 
and  Lesser.)    c  c  Contractile  vesicles. 

rounded  by  a  kind  of  external  investment  or  excretion,  which 
appears  to  be  of  a  protoplasmic  nature,  but  takes  no  part  in  the 
production  of  the  pseudopodia.  The  latter  are  long,  granular, 
and  unbranched,  and  amongtkthem  are  long  spine-like  pro- 
cesses of  firm  sarcode,  which  have  been  regarded  as  of.  a  chit- 
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inous  nature.  AcarUhocysHs  is,  like  the  preceding,  a  fresh-water 
foim,  but  it  possesses  long  radiating  siliceous  spines;  while 
CUahrulina  has  the  body  enclosed  in  a  regular  fenestrated 
siliceous  test,  which  is  supported  upon  a  siliceous  peduncle. 


CHAPTER    V. 

INFUSORIA. 

The  name  oi  Infusoria  has  been  given  to  the  members  of  this 
class  of  the  Protozoa  because  of  their  common  occurrence  in 
"  oiganic  infusions  " — that  is,  in  water  in  which  some  organic 
substance  has  been  boiled.  In  point  of  fact,  the  Infusorian  ani- 
malcules are  found  in  all  collections  of  fresh  or  salt  water,  pro- 
vided only  that  organic  matter  is  also  present.  Very  many  of 
them  have  the  power  of  surviving  desiccation,  under  which 
circumstances  they  pass  into  a  dormant  state.  In  this  semi- 
torpid  encysted  condition,  or  as  spores  or  germs,  they  may  be 
taken  up  into  the  atmosphere,  forming  one  of  the  elements  of 
atmospheric  dust,  and  being  thus  capable  of  transportation  to 
long  distances.  "  Essentially  dependent  on  a  liquid  medium 
for  the  exhibition  of  their  vital  functions,  there  is  practically 
—the  simple  conditions  of  air  and  moisture  being  granted 
them — no  limit  to  the  area  of  their  distribution"  fSaville 
Kent).  With  their  almost  universal  distribution,  their  very 
minute  size,  and  their  power  of  remaining  for  long  periods  in 
a  condition  of  suspended  vitality  when  dried  up,  it  is  no 
wonder  that  they  should  appear,  as  it  were,  "  spontaneously '' 
in  organic  fluids  when  these  are  placed  under  suitable  condi- 
tions. On  the  other  hand,  owing  to  the  soft  nature  of  their 
bodies,  the  history  of  the  Infusorian  animalcules  in  past  time  is 
almost  a  complete  blank.  The  so-called  "fossil  Infusoria"  of  the 
older  writers  belong  to  other  groups  of  the  Protozoa  (chiefly 
to  the  Radioiaria).  The  only  traces  of  the  past  existence  of 
the  Infusoria  which  have  been  hitherto  detected,  are  certain 
microscopic  bodies  which  occur  in  the  flints  of  the  chalk  for- 
mation, and  which  Ehrenberg  considered  to  be  the  protective 
cases  of  Peridinium  and  allied  forms  of  Flagellate  Infusoria, 

The  Infusoria  may  be  defined  as  Protozoa  which  are  typically 
provided  with  a  mouth  and  rudimentary  digestive  cavity^  which 
do  not  possess  the  power  of  emitting  pseudopodia^  but  which  are 
furmshed  with  vibratile  <ili<^or  tOith  contractile  filaments.    They 
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are  mostly  microscopic  in  sixc^  the  sarcode  is  differentiated  into  an 
edosarc  and  an  endosarc^  and  a  nucleus  and  contractile  vesicle  are 
present. 

The  Infusorian  animalcules  are  essentially  unicellular,  but 
they  may  form  colonies,  in  which  the  separate  units  r*emain 
distinctly  recognisable.  The  outer  layer  of  the  body  is  usually 
differentiated  as  a  distinct  membrane,  sometimes  thickened 
into  a  kind  of  test  (as  in  Peridinium  and  Ceratium^  fig.  33,  D), 


Fig.  3^ — Ciliated^  CiltO'flagellate,  and  Flagellate  Infusoria.  A,  Bursaria  truncateUa^ 
enuuged  50  times.  B,  Nyctot/urus  cordiformut  enlarged  150  times.^  C,  Am^hi- 
Uptus  ansery  enlarged  120  times.  D,  Ceratium  tripos^  enlarged  250  times,  with  its 
carapace  and  single  flagellum.  E,  Mouosiga  ttnputata^  enlarged  2500  times: 
n  Nucleas ;  c  Contractile  vesicle ;  /  Fla^Uum ;  m  Membranous  collar  surrounding 
the  base  of  the  flagellum.    (After,  or  copied  from,  Saville  Kent.) 

and  it  carries  vibrating  cilia,  lash-like  "  flagella,"  or  contractile 
tentacles.  In  no  case  can  pseudopodia  be  protruded.  The 
sarcode  of  the  body  is  typically  differentiated  into  a  firm  outer 
layer  (ectoplasm)  and  a  more  fluid  central  portion  (endoplasm), 
and  the  former  contains  a  nucleus  and  one  or  more  contractile 
vesicles.  The  nucleus  (fig.  33,  n)  varies  much  in  form,  being 
ovate,  band-shaped,  or  necklace-like ;  and  attached  to  its  sur- 
face, or  sunk  in  its  substance,  or  not  actually  in  contact  with 
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it,  is  usually  a  smaller  body  known  as  the  "nucleolus"  or 
"paranucleus."  The  contractile  vesicles  (fig.  33,  c)  resemble 
in  general  structure  the  organs  so 
named  in  the  Rhizopods;  but  they 
sometimes  appear  to  be  connected 
with  radiating  canals,  and  may  com- 
municate with  the  exterior.  The 
outer  layer  of  the  body  may  or  may 
not  be  perforated  by  a  permanent 
oral  opening  (fig.  33,  0),  and  an  anal 
aperture  is  also  commonly  present. 
From  the  common  possession  of 
a  mouth,  the  Infusoria  have  been 
spoken  of  as  the  "  stomatode  "  Pro- 
tozoa; but  a  mouth  is  absent  in  many 
forms  (such  as  the  parasitic  Opalina, 
many  Flagellate  Infusoria^  &c.).  Re- 
production is  asexual,  and  is  effected 
by  gemmation,  or,  more  commonly, 
by  fission  with  or  without  precedent 
conjugation. 

The  Infusoria  may  be  divided  into 
four  orders — viz.,  the  Ciliatay  Suc- 
toria,  Flagellata,  and  Cilioflagellata^ 
of  which  the  first  comprises  the  ma- 
jority of  the  members  of  the  class. 

I.  Order  Ciliata. — This  order 
comprises  those  Infusoria  in  which 
tfu  ouUr  layer  of  the  body  is  more  or 
less  abundantly  furnished  with  vibra- 
tile  cilia  J  which  serve  either  for  loco- 
motion  or  for  the  procuring  of  food. 
Besides  ciHa,  properly  so  called,  some 
of  the  ciliated  Infusoria  are  provided 
with  styles  or  jointed  bristles,  which 
are  movable,  and  subserve  locomo- 
tion ;  whilst  others  have  little  hooks 
or  unciniy  with  which  they  can  attach 
themselves  to  foreign  bodies.  As 
t)rpes  of  the  order,  Faramoecium  and 
Vorticdla  may  be  selected,  the  former 
being  free,  whilst  the  latter  is  per- 
manently fixed  in  its  adult  condition. 

Paramoedum  (figs.  34  and  35)  is 
a  slipper  -  shaped  animalcule,   com- 
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ParanupciutHj  viewed 
c[orsaJly,  and  greatly  magnified. 
m  Mouth  ;  m  to  g  Gullet ;  a 
Anus ;  a/  and  cv  The  contractile 
vesicles;  I,  II,  III,  Canals  pro- 
ceeding from  the  anterior  con* 
tractile  vesicle ;  n  Nucleus ;  v 
Large  cilia  bounding  the  depres- 
sion r*  vestibule")  leading  to  the 
mouln.  The  arrows  indicate  the 
course  in  which  the  particles  of 
food  circulate  in  the  semi-fluid 
protoplasm  of  the  interior  of  the 
^    •        (After  James-Clark.) 
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posed  externally  of  a  structureless  transparent  pellicle  —  the 
"  cuticle  " — which  is  lined  by  a  layer  of  firm  and  consistent 
sarcode  (ectoplasm),  which  has  been  termed  the  "cortical 
layer,"  this  in  turn  passing  into  a  central  mass  of  softer  and 
more  diffluent  sarcode  (endoplasm).  The  cuticle  is  merely 
the  structureless  hardened  external  lamina  of  the  "cortical 
layer,"  and  it  may  in  some  cases  form  a  regular  protective 
sheath  ( Vaginicola),  a  horny  shell  ( Codonella),  or  even  a  retic- 
ulated siliceous  envelope  (as  in  Dktyocysta),  Beneath  the 
"cuticle"  is  the  layer  from  which  the  cilia  are  given  off,  and 
below  that,  again,  is  a  finely  striated  or  fibrillated  contractile 
layer  ("myophane  layer"  of  Haeckel),  which  corresponds 
physiologically  to  the  muscles  of  higher  animals.  Ijr  some 
Infusorians  (as  in  Faramoscium  itself)  there  is  a  stilLmore 
internal  lamina  of  the  "  cortical  layer,"  which  is  charged  with 
the  singular  little  organs  known  as  "  trichocysts."  These  are 
vesicular  microscopic  bodies,  capable  of  emitting  thread-like 
filaments,  in  many  respects  closely  resembling  the  "thread- 
cells  "  of  the  Ccsienterata.  - 

The  "cuticle"  in  Paramcscium  is  covered  with  numerous 
rows  of  vibratile  cilia  (figs.  34  and  35),  and  is  perforated  by 


Pis*  35* — Ciliated  Infusoria.  A,  Parameecium^  showing  the  nucleus  {n)  and  two  con- 
tractile vesicles  (v).  B,  Paranutcium  bursaria  (after  Stein),  dividing  transversely ; 
n  Nucleus;  «'  Nucleolus;  v  Contractile  vesicle.  C,  Parametcium  aureUa  (after 
Ehrenberg),  undergoing  "conjugation,"  two  individuak  being  partially  uniteid  by, 
their  ventral  faces.) 

the  aperture  of  the  mouth.  The  mouth  leads  into  a  funnel- 
shapec^  gullet,  which  is  not  continued  into  a  distinct  digestive 
sac,  but  loses  itself  in  the  soft  central  protoplasm.  On  the 
line  of  boundary  between  the  cortical  layer  and  the  diffluent 
central  sarcode  are  placed  the  "  nucleus  "  and  the  "  contractile 
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vcside"  (or  vesicles).  The  "nucleus"  is  an  oval  body  (in 
some  forms  band-shaped  or  rod-like),  consisting  of  an  outer 
membrane  enclosing  granular  contents,  and  having  a  smaller 
spherical  particle  applied  to  its  exterior.  This  latter  is  the 
so-called  "nucleolus"  or  "paranucleus."  The  contractile 
vesicles  (fig.  35,  v)  are  clear  spaces  which  dilate  and  contract 
at  intervals,  and  which,  when  somewhat  compressed,  may 
exhibit  a  stellate  outline.  They  sometimes  show  irregular 
radiating  canals  passing  into  the  surrounding  protoplasm,  and 
they  appear  to  sometimes  communicate  with  the  exterior. 
They  are  now  usually  regarded  as  corresponding  with  the 
water-vessels  of  various  of  the  higher  animals  (such  as  the 
Rotifers),  and  as  being  excretory  in  function.  Besides  the 
contractile  vesicles  there  are  also  more  or  less  numerous  non- 
pulsating  vacuoles,  often  surrounding  particles  of  ingested 
food.  These  perform  a  slow  circulation  along  with  the  semi- 
fluid endoplasm  in  which  they  are  contained.  Ehrenberg 
regarded  these  vacuoles  as  so  many  stomachs,  and  it  was  in 
this  belief  that  he  gave  the  name  of  "  Polygastric  Animalcules  " 
(Pofygastrica)  to  the  Infusorians.  Faramoscium  obtains  its 
food  by  means  of  the  currents  of  water  which  are  set  up  by  the 
vibrating  cilia,  and  which  sweep  floating  particles  of  all  kinds 
from  the  surrounding  water  into  the  buccal  funnel.  Indi- 
gestible and  faecal  matters  are  discharged  by  an  anal  aperture 
situated  towards  the  hinder  end  of  the  body. 

Reproduction  in  Faramcsdum  is  effected  either  by  simple 
fission,  or  after  the  temporary  conjugation  of  two;  individuals. 
Simple  fission  is  always  transverse  (fig.  35,  B),  the  body  be- 
coming grooved  across  its  middle,  and  ultimately  divided  into 
two  similar  portions.  It  was  for  long  believed  that  Paramoe- 
cium  divided  itself  also  by  longitudinal  fission ;  but  it  is  now 
known  that  this  apparent  longitudinal  division  (fig.  35,  C)  is 
really  due  to  the  conjugation  of  two  independent  individuals. 
In  this  process  two  Paramouia  come  together,  and  adhere 
closely  to  one  another  by  their  ventral  surfaces,  becoming,  in 
fact,  partially  fused  with  one  another,  in  which  condition  they 
remain  for  some  days,  when  they  again  separate  and  resume 
their  individual  existence.  During  and  subsequent  to  this  tem- 
porary amalgamation,  the  nucleus  and  paranucleus  of  each 
enlarges,  and  the  latter  assumes  a  striated  appearance.  Both 
the  nuclei  and  paranuclei  ultimately  divide  into  smaller  bodies, 
some  of  which  disappear  or  are  ejected  from  the  body,  while 
others  are  retained  to  form  new  nuclei  and  paranuclei.  The 
phenomena  just  described  were  originally  believed  to  indicate 
a  kind  of  sexual  reproduction,  in  which  the  nuclei  played  the 
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part  of  ovaries,  and  the  paranuclei  of  testes ;  but  it  is  dear 
that  this  is  an  erroneous  view  of  the  process.  Upon  the 
whole,  it  would  seem  rather  that  the  process  is  one  in  which 
the  nucleus  undergoes  regeneration  by  portions  of  the  para- 
nucleus, and  that  its  result  is  that  each  of  the  conjugating 
individuals  undergoes  repeated  fission  subsequent  to  their 
separation  from  each  other. 

Vorticella  (fig.  36,  C)  is  a  beautiful  flower-like  Infusorian  which  is  com- 
monly found  in  fresh  water,  adhering  to  the  stems  of  aquatic  plants.     It 


Fig.  36.— A,  Sttntor  MUlUri;  B,  Vaginicoia  crystallinai  C,  Group  of  Vorticellte ; 
D.  Free  calyx  of  VorticeUa^  produced  by  fission,  showing  the  posterior  circlet  of 
cilia. 

consists  of  a  bell-shaped  body  or  ".calyx,"  supported  upon  the  extremity 
of  a  slender  contractile  stem  or  "pedicle."  The  other  extremity  of  the 
pedicle  is  fixed  to  some  foreign  body,  and  its  power  of  contraction  is  due 
to  the  presence  in  its  interior  of  a  spiral  contractile  fibre,  which  is  some- 
times called  the  "stem-muscle."  The  edge  of  the  bell  or  calyx  is  sur- 
rounded by  a  projecting;  rim  or  border,  called  the  "peristome,"  within 
which  is  a  circular  surface,  the  "disc,"  forming  the  upper  extremity  of 
the  so-called  "rotatory  organ."  The  disc  is  surrounded  by  a  fringe  of 
vibratile  cilia,  forming  a  spiral  line  which  is  prolonged  into  the  commence- 
ment of  the  digestive  canal.  Near  the  edge  of  the  disc  is  situated  the 
mouth,  which  conducts  by  its  entrance  or  "  vestibulum "  into  a  fusiform 
canal  or  "phar3mx,"  which  terminates  abruptly  in  the  central  endoplasm. 
The  particles  of  food  are  taken  in  at  the  mouth,  descend  through  the  short 
alimentary  canal,  and  enter  the  soft  endosarc,  where  they  are  subjected 
to  the  general  rotation  of  the  endoplasm,  being  finally  excreted  by  an  anal 
aperture  which  is  situated  near  the  mouth  and  within  the  vestibule.  As  in 
Paramcecium,  the  body  in  Vorticella  is  composed  of  an  outer  "cuticle,"  a 
central  endoplasm,  and  an  intermediate  "cortical  layer,"  which  contains 
a  contractile  vesicle  and  a  band-like  nucleus. 
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Reproduction  in  Vorticelia  may  take  place  by  fission,  or  by  gemination. 
In  the  first  of  these  modes,  the  calyx,  having  previously  passed  into  a  con- 
tracted and  quiescent  condition,  becomes  indented  in  a  longitudinal  direc- 
tion— viz.,  from  the  pedicle  to  the  disc  ;  and  the  groove  mus  formed  be- 
comes gradually  deeper  until  the  calyx  is  finally  divided  into  two  halves 
supported  upon  the  same  pedicle.  On  one  of  these  cups  a  ''posterior" 
drdet  of  cilia  is  then  formed,  in  addition  to  the  ''anterior"  circlet  already 
existing  (i.^.,  a  fringe  of  cilia  is  developed  round  that  end  of  the  calyx 
which  is  nearest  the  attachment  of  the  pedicle  and  furthest  from  the  disc). 
The  cup  (fig.  36,  D),  thus  furnished  with  a  circlet  of  cilia  at  both  extremi- 
ties, is  then  detached,  and  swims  about  freely.  Finally,  having  found  a 
suitable  resting-pla<^  the  new  calyx  fixes  itself  by  its  {xxsterior  extremity, 
develops  a  stalk,  ana  loses  its  temporary  hinder  ring  of  cilia,  thus  becoming 
oonyerted  into  a  sedentary  individual. 

In  the  process  of  gemmation,  a  bud  is  thrown  out  from  the  hinder  extremity 
of  the  calyx  of  a  normal  stalked  Vorticella^  which  ultimately  forms  a  small 
free  calyx,  furnished  with  a  hinder  circlet  of  cilia,  just  as  is  seen  in  the 
fissiparous  process  of  development.  The  locomotive  bud  thus  produced 
attaches  itself  to  an  ordinary  stalked  calyx  belonging  to  another  individual, 
and  becomes  fused  therewith  ;  the  process  being  followed  bv  encystation. 
The  result  of  this  conjugation  and  subsequent  quiescence  is  tne  active  sub- 
division of  the  now  rejuvenated  cal^x. 

Closely  allied  to  VortUella^  and  like  it  represented  by  many  species,  both 
in  fresh  and  salt  water,  is  the  genus  EfistyUs^  in  which  the  o^^ism  forms 
a  tree-like  colony  of  numerous  ciliated  calyces  attached  to  a  rigid,  non-con- 
tractile, branched  stem. 

Carchesium  is  another  form  which  is  like  Epistylis  in  consisting  of  a  num- 
ber of  calyces  supported  upon  a  branched  pedicle,  but  differs  from  Epistylis 
and  agrees  with  Vorticella  in  the  fact  that  the  pedicle  is  contractile. 

Si^MtCTt  or  the  trumpet-animalcule  (fig.  36,  A),  is  another  common  In- 
fiisorian  which  is  closely  related  to  Vorticella,  It  consists  of  a  trumpet- 
shaped  calyx,  devoid  of  a  pedicle,  but  possessinjg  the  power  of  attaching 
and  detaching  itself  at  wiU.  When  detached  it  swims  by  means  of  the 
anterior  circlet  of  cilia,  just  as  the  calyx  of  Vorticella  will  if  broken  from 
its  stalk.  In  Vaginicola  (fig,  36,  B)  the  essential  structure  is  much  the 
same  as  in  Vorticdla^  but  the  body  is  protected  by  a  membranous  or  homy 
case  (*' carapace"  or  "lorica'Ot  which  is  formed  by  a  hardening  of  the 
catide,  and  within  which  the  animal  can  retire. 

II.  Order  Suctoria. — This  order  includes  a  series  oi  In- 
fusoria of  a  very  anomalous  nature.  In  Acineta  or  in  Podo- 
phrya  (fig.  37,  A),  which  may  be  taken  as  types,  the  body  is 
provided  with  a  number  of  radiating  filamentous  tubes,  which 
are  fiimished  at  their  extremities  with  suctorial  discs,  and  are 
capable  both  of  exsertion  and  retraction.  These  retractile 
tubes  seize  the  prey  and  usually  also  serve  as  vehicles  for  the 
ingestion  of  food :  hence  the  term  of  "  polystome,"  or  many- 
mouthed  Infusorians,  has  been  proposed  for  the  order  by 
Professor  Greene.  A  nucleus  and  one  or  more  contractile 
vesicles  are  present,  but  there  are  no  cilia  in  the  adult  condi- 
tion, and  the  body  is  fixed  to  some  foreign  object  by  a  stalk- 
like extension  of  the  cortical  layer. 

III.  Order  Flagellata. — This  order  comprises  those  In- 
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fusoria  in  which  the  body  is  provided  with  one  or  more  long 
whip-like  filaments  or  "flagella,"  the  movements  of  which 
create  currents  in  the  surrounding  water,  and  thus  bnng  food 
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Fig.  37.— Suctorial,  Flagellate,  and  Cilio-flagellate  Infusoria.  A,  Podophrya  ;  B,  Cerco- 
monas  truncata  ;  C,  Monat  negUcta  ;  D,  EugUna  sanguinea  ;  E,  Codosiga  /»/• 
chtrrima  ;  F,  Astasia  trichophora  ;  G,  Heteromastix  frotei/ormis.  /  Flagellum  ; 
m  Collar  at  the  base  of  the  flagellum ;  c  Contractile  vesicle ;  n  Nucleus ;  e  Eye- 
spoL    (After  Pritchard,  Ehrenberg,  and  James-Clark.) 

to  the  animal.  In  the  free  forms,  the  flagella  serve  likewise 
as  locomotive  organs.  In  the  t>'pical  Flagellata  the  general 
structure  of  the  body  resembles  that  of  the  Ciliated  Infu- 
sorians — a  cuticle,  ectoplasm,  and  soft  endoplasm  being  recog- 
nisable, while  a  nucleus  and  one  or  more  contractile  vesicles 
are  present. 

The  precise  limits  of  the  order  Flagellata  cannot  at  present 
be  accurately  laid  down ;  as  there  are  many  organisms  (such 
as  the  Monads,  the  Votvocida^  Euglena^  &c.)  which  occupy  a 
somewhat  doubtful  position,  resembling  animals  in  certain 
characters,  while  in  others  they  approach  the  plants.  The 
most  typical  group  of  the  order  is  that  of  the  "  Collar-bearing  " 
Flagellata  (Choano -flagellata  of  Saville  Kent),  comprising 
minute  Infusorians,  in  which  the  base  of  the  flagellum  is  sur- 
rounded by  a  cup-like  or  cylindrical  membranous  "collar," 
which  can  be  retracted  at  will  (fig.  33,  E;  and  fig.  37,  E). 
The  disc-like  space  of  protoplasm  at  the  base  of  the  collar 
is  soft,  and  serves  for  the  inception  of  food,  particles  of  which 
are  brought  into  the  collar  by  the  currents  in  the  surrounding 
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water,  which  are  set  up  by  the  lashing  movements  of  the  fla- 
gellum.  Some  of  these  collar-bearing  Monads  are  simple,  with 
the  body  naked  and  free,  or  attached  to  some  foreign  object 
by  a  short  stalk.  Others  form  composite  growths  or  colonies, 
often  much  branched ;  and  in  many  cases,  again,  the  body  is 
not  naked,  but  is  protected  with  a  kind  of  shell  or  "  lorica." 
The  collar-bearing  Fiagellata  are  particularly  interesting  from 
the  close  structural  resemblance  which  they  bear  to  the  flagel- 
lated cells  which  line  the  so-called  "  ciliated  chambers  "  of 
the  Sponges.    ^ 

In  another  ^up  of  forms  now  referred  to  the  Fiagellata 
(such  as  Astasia  and  Euglena^  fig.  37,  D  and  F),  the  flagellum 
has  no  collar  at  its  base,  and  there  is  a  definite  oral  opening 
for  the  inception  of  food.  Many  of  these  types  possess  a 
singular  brightly- coloured  mass  of  pigment  in  the  interior  of 
the  body,  which  is  known  as  the  "  eye-spot,"  and  may  possibly 
be  a  species  of  sense-organ.  Also  belonging  to  this  group  are 
the  curious  animalcules  which  form  the  genus  Noctiiuca,  The 
common  Noctiluca  miliaris  reaches  a  length  of  as  much  as 
^th  of  an  inch,  and  abounds  in  most  oceans,  being  one  of 
the  principal  sources  of  the  diffused  luminosity  of  the   sea. 

In  yet  another  group  of  the  Fiagellata,  comprising  the 
minute  microscopic  organisms  usually  kno^^Ti  as  "Monads" 
(fig.  37,  C),  the  flagellum  is  without  a  basal  collar,  and  food 
may  be  taken  in  at  any  part  of  the  surface,  no  definite  mouth 
being  present  In  many  respects  the  Monads  closely  approach 
the  unicellular  Alga,  and  they  have  often  been  regarded  as 
belonging  to  the  vegetable  kingdom. 

IV.  Order  Cilio-Flagellata. — The  Infusoria  included 
in  this  order  are  very  closely  related  to  the  typical  Fiagellata, 
from  which  they  differ  in  the  fact  that  cilia  are  developed  in 
addition  to  the  flagellum.  A  distinct  mouth  is  usually  present, 
and  there  is  no  collar  at  the  base  of  the  flagellum.  In  some 
cases  (Heteromastix,  fig.  37,  G)  there  are  two  flagella.  The 
cilia  usually  line  a  groove  in  the  integument,  often  having  the 
form  of  a  transverse  girdle  (fig.  33,  D) ;  but  they  are  some- 
times diffused.  The  body  may  be  naked,  but  is  often  pro- 
tected by  a  sort  of  buckler  or  test  of  horn,  often  prolonged 
into  long  processes,  as  is  seen  in  Ceratium  (fig.  33,  D).  The 
Cilio-Flagellate  Infusorians  are  found  both  in  fresh  and  salt 
water,  and  the  genera  Peridinium  and  Ceratium  include  some 
of  the  most  common  and  characteristic  types. 
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CHAPTER  VI. 

PORIFERA. 

Under  the  name  of  Porifera  are  included  all  those  singular 
organisms  which  are  commonly  known  as  Sponges.  Origin- 
ally regarded  as  being  of  a  vegetable  nature,-  the  Sponges  are 
now  universally  admitted  to  be  animals ;  thotigh  naturalists  are 
not  yet  in  absolute  agreement  as  to  thfe  precise  position  in  the 
animal  kingdom  which  ought  to  be  assigned  to  them.  Owing 
to  the  clos^  likeness  of  some  of  the  cell-elements  of  the 
Sponges  to  certain  of-  the  Protozoa^  the  entire  group*  has  been 
often  referred  to  this  latter  sub-kingdom.  Thus,  some  of  the 
cells  of  a  sponge  are  morphologically  identical  with  the  Amoeba, 
while  others  present  the  closest  possible  resemblance  to  (lie 
Flagellated  Infusoria,  Hence,  a  spongte  has  often  been  re- 
garded as  being  a  kind  of  colony,  the  units  of  which  are  mor- 
phologically Protozoans.  Naturalists  are,  however,  now  agreed 
as  to  the  removal  of  the  Sponges  from  the  Protozoa  ;  and  they 
are  by  many  authorities  regarded  as  forming  the  lowest  division 
of  the  Zoophytes  {Coslenierata).  Other  authorities  consider 
that  the  Sponges  represent  a  distinct  morphological  type,  in- 
termediate between  the  Protozoa  and  the  Coeknterata,  and  that 
they  are,  therefore,  entitled  to  take  rank  as  a  separate  sub- 
kingdom,  to  which  the  name  of  Porifera  has  been  given.  In 
the  present  state  of  our  knowledge,  this  view  seems  to  be  the 
one  which  is  attended  with  the  fewest  difficulties,  and  it  will, 
therefore,  be  followed  here.  - 

The  Sponges  maybe  defined  as  multicellular  organisms  of 
variable  shape^  the  cells  of  which  are  typically  disposed  to  form  an 
outer  membrane,  an  inner  membrane,  and  an  intermediate  stratum; 
and  which  are  traversed  by  canals,  which  open  on  the  surface,  and 
which  are  more  or  less  extensively  lined  by  flagellate  cells.  In 
most  cases  the  cellular  aggregate  is  supported  by  a  framework  of 
horny  fibres,  or  of  flinty  or  calcareous  spicules.    A  definite  mouth 
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and  stomach  are  wanting^  and  a  nervous  system  is  not  known  with 
certainty  to  be  developed. 

Regarded  from  a  general  point  of  view,  a  sponge  diflfers  from 
the  Protozoa^  and  agrees  with  all  the  higher  animals  (Metazoa) 
in  the  fact  that  the  body  is  multicellular,  being  composed 
of  numerous  protoplasmic  units,  which  have  been  termed 
"  sponge  -  particles "  or  "sarcoids,"  but  which  may  be  best 
spoken  of  simply  as  "sponge-cells."  In  the  Sponges,  there- 
fore, we  meet,  for  the  first  time,  with  definite  "  tissues,"  though 
the  nature  of  these  is  simpler  and  less  complicated  than  is 
found  to  be  the  case  in  the  higher  anima)s.  The  entire  aggre- 
gate of  cells  is  traversed  by  a  system  of  canals,  which  open  on 
the  surface  by  two  sets  of  apertures  ("pores"  and  "oscula"). 


Fig.  38.— A,  Axinella  polypoideSt  a  fibrous  Sjxmge,  showing  oscnla  and  pores ;  B, 
Sycandra  ctUatOt  a  calcareous  Sponge,  showing  the  single  terminal  osculnm.  (After 
Schmidt.) 

by  which  water  is  admitted  into  the  organism,  and  again 
expelled  from  it.  The  circulation  of  water  is  maintained 
by  flagellated  cells,  which  are  usually  disposed  in  the  interior 
of  definite  dilatations  ("  flagellated  chambers  ")  of  the  canals ; 
and  it  is  by  means  of  these  that  the  organism  obtains  food,  and 
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carries  on  the  processes  of  respiration  and  excretion.  There 
iS}  therefore,  no  proper  mouth,  nor  is  there  a  definite  stomach, 
in  the  sense  in  which  the  higher  animals  can  be  said  to  possess 
this  structure.  As  a  rule,  lastly,  the  entire  cellular  aggregate 
is  strengthened  and  endowed  with  a  definite  form  by  the 
development  in  it  of  a  "skeleton"  of  variable  form  and 
composition. 

The  general  organisation  of  the  Sponges  being  as  above 
indicated,  it  is  next  necessary  to  consider  in  greater  detail  the 
separate  structures  which  compose  the  sponge  body,  and  the 
manner  in  which  these  are  arranged.  In  the  first  place,  as 
regards  the  soft  parts  ("sponge-flesh"),  those  sponges  which 
have  been  most  thoroughly  investigated  exhibit  a  threefold 
division  of  their  cells.  Certain  of  the  cells  form  an  external 
membranous  investment  (the  so-called  "ectoderm")  to  the 
sponge ;  others  line  all  the  internal  canals  (constituting  what 
is  known  as  the  "  endoderm ") ;  while  others  occupy  all  the 
spaces  between  the  outer  rtlembrane  on  the  one  hand,  and  the 
canal-system  on  the  other  hand  (forming  what  is  known  as  the 
"mesoderm"). 


Fig.  39.~Cen-elemeiits  of  Sponees.  a  Amoeboid  cell  of  S/ongtila  ;  i  Flattened  pave- 
ment-ceUs  of  the  ectoderm  of  a  Sponge ;  c  Connective- tissue  cell  of  the  mesodenn ; 
d  Flagellate  collar-bearing  cells  of  SycoH  ra^kanus  ;  e  Sponge-flesh  of  the  cortex 
o(  TJkeca^A4frasemisid>er£t€s.  showing  connective-tissut  cells  and  intercellular  tissue ; 
/  Contractile  fibre-cell  of  CranUUa,  Greatly  magnified.  (After  KOlliker,  Fr. 
Sdiultae,  and  Vosmaer.) 

The  ectoderm  covers  the  external  surface,  and  is  prolonged  into  the 
*' inhalant  canals."  It  is  composed  of  flattened,  polygonal,  nucleated 
epithelial  cells  (fig.  39,  b\  which  are  united  to  one  another  by  their  edges. 
The  inner  membrane  or  *'  endoderm  "  is  also  composed  of  epithelial  cells, 
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the  form  and  characters  of  which  vary  in  different  sponges,  or  in  different 
parts  of  the  same  sponge.  The  most  characteristic  of  these  endodermal 
cells  are  oval  or  elongated  in  shape,  with  a  nucleus  and  one  or  two  con- 
tractile vesicles,  and  having  attached  to  the  free  end  a  single  lash-like 
flagellum,  the  base  of  which  is  surrounded  by  a  delicate  membranous  fun- 
nel or  ''collar**  (fig.  39,  d).  These  cells  play  an  important  part  in  the  life 
of  the  sponge,  and  will  be  spoken  of  later  in  deahng  with  the  so-called 
"flagellated  chambers." 

The  general  "sponge-flesh,*'  comprising  the  substance  of  the  sponge 
between  the  outer  and  inner  epithelia,  is  made  up  of  gelatinous  connective- 
tissue,  in  the  form  of  cells  embedded  in  a  more  or  less  copious  intercellular 
substance  (fi^.  39,  e).  Many  of  the  cells  of  this  fundamental  tissue  are 
without  definite  walls,  and  have  the  power  of  throwing  out  pseudopodia, 
and  thus  of  changing  their  form  (fig.  39,  a  and  ^),  presenting,  therefore,  a 
close  resemblance  to  Amceba  in  their  characters.  Tnese  "amoeboid  "  cells 
often  change  their  place,  and  wander  from  one  part  of  the  sponge-flesh  to 
another.  In  addition  to  these  are  found  fusiform  cells,  stellate  cells,  pig- 
ment cells,  and  other  varieties  of  cellular  tissue.  Definite  nerve-cells  have 
not  yet  been  detected,  but  some  of  the  cells  become  modified  into  contrac- 
tile fibres  (fig.  39,  /),  which  appear  to  represent  the  muscles  of  the  higher 
animals. 

The  entire  aggregate  of  sponge-cells  is  so  arranged  as  to  be 
traversed  by  a  series  of  canals,  which  convey  water  in  and  out 
of  the  organism,  and  which  are  thus  connected  with  respiration 
and  the  procuring  of  food.  Looking  at  the  skeleton  of  a  dried 
sponge,  the  most  obvious  sign  of  the  existence  of  this  "  aqui- 
ferous system"  is  the  presence  of  one  or  more  large  superficial 
openings,  together  with  a  great  number  of  much  smaller  aper- 
tures (fig.  38).  These  latter  ^e  termed  the  "pores,"  and 
though  permanently  present  in  the  skeleton,  they  are  only 
temporarily  present  in  the  soft  parts,  being  produced  afresh, 
when  required,  as  openings  between  the  sponge-cells  of  the 
ectodermal  layer.  The  "  pores  "  (fig.  40,  A,  p)  open  directly, 
or  through  the  intervention  of  more  or  less  extensive  sub- 
dermal  cavities,  into  a  series  of  canals,  which  ramify  in  every 
direction  thrpugh  the  sponge,  and  which  are  called  "  inhalant 
canals,"  as  it  is  through  these  that  the  water  is  conveyed  to 
the  interior  of  the  sponge.  The  "  inhalant  canals  "  ultimately 
open  into  a  second  series  of  canals,  which  converge  to  form 
one  or  more  large  tubes  which  open  on  the  surface  by  a  cor- 
responding number  of  large  openings.  These  large  tubes  (fig. 
40,  A,  e)  carry  the  water  out  of  the  organism  again,  and  they 
are  hence  called  **  exhalant  canals  " ;  while  their  surface-open- 
ings are  known  as  the  "  oscula."  The  "  oscula,"  though  cap- 
able of  being  temporarily  closed,  are  permanent,  and  are  often 
placed  on  chimney-like  elevations.  If  there  should  be  but  one 
osculum,  it  is  placed  at  the  apex  of  the  sponge  (fig.  38,  B), 
while  the  pores  occupy  the  general  external  surface.     What  is 
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commonly  called  a  "sponge"  may  consist  of  only  a  single 
excretory  opening  or  "  osculum,"  together  with  the  "  pores  " 
belonging  to  this  (fig.  38,  B) ;  or  it  may  consist  of  a  larger  or 
smaller  number  of  such  "  oscula,"  each  with  its  proper  com- 
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^"v-  io.— Structure  of  Sponsida.  A,  Vertical  Kection  of  the  outer  layer  of  Halisarca 
Ithtlarisj  a  Sponge  in  wRich  the  skeleton  is  wanting,  enlarged  75  times  (after  F.  £. 
Sdmltze):  >>  '*  Pores,"  or  openings  of  afferent  canals  by  whicn  water  is  conducted 


ta&ularisj  a  Sponge  in  wnich  the  skeleton  is  wanting,  enlarged  75  times  (after  F.  £. 
Sdmltze):  >>  '*  Pores,"  or  openings  of  afferent  canals  by  whicn  water  is  conducted 
to  the  flagellated  chambers  or  " ampullaceous  sacs"  (a  a)-,  e  Commencement  of  a 


larger  efferent  canal,  conducting  from  the  flagellated  chambers  to  the  deeper  canals, 
bv  which  the  water  is  finally  carried  off"  to  be  expelled  from  the  "  oscula  ";£'£' 
Youns  stages  of  the  reproductive  bodies  or  spores.  B,  Part  of  a  single  flagellated 
chambo'  of  the  same  Sponge,  transversely  divided,  and  enlaived  800  diameters  (after 
SaviUe  Kent),  showing  the  flagellate  cells  or  "  sponge-particles,"  with  their  inwardly 
directed  flagella.  C,  A  sinele  flagellate  cell  of  the  same,  still  further  enlarged:  V* 
Fb^ninm ;  m  Cellar  round  the  base  of  the  flagellum ;  h  Nucleus ;  c  Contractile 


plcment  of  "pores"  (fig.  38,  A).  In  the  latter  case,  each 
oscolum,  with  its  accompanying  pores,  constitutes  a  "person," 
and  the  entire  organism  is  known  as  a  "  sponge-stock." 

In  a  living  sponge,  in  its  active  condition,  a  circulation  of 
water  is  kept  up  throughout  the  organism  by  means  of  this 
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canal-s)rstem.  The  water  is  admitted  by  means  of  the  "  pores," 
is  driven  into  the  interior  of  the  sponge,  and  is  finally  expelled 
in  steady  streams  from  the  osculum  or  oscula.  The  mechan- 
ism by  which  this  circulation  of  water  is  effected  was  long  un- 
known. It  is  now  known,  however,  that  the  circulation  of 
water  is  maintained  by  the  vibrations  of  the  flagella,  with 
which  certain  of  the  sponge-cells  are  provided.  In  the  most 
typical  cases,  the  initial  branches  of  the  "  exhalant  canals  "  are 
dilated  into  globular  or  elongated  chambers  (fig.  40,  A,  a  a), 
which  are  lined  with  fiagellate  sponge-cells.  Each  of  these 
flagellate  cells  possesses  a  nucleus  and  one  or  two  contrac- 
tile vesicles,  and  is  furnished  with  a  single  flagellum,  and  a 
basal  membranous  collar  (fig.  40,  C) ;  thus  coming  to  entirely 
resemble  a  simple  Flagellate  Infiisorian.  The  collar-bearing 
cells  are  so  disposed  within  these  "  flagellated  chambers  "  (or 
"ciliated  chambers,"  as  they  are  sometimes  called),  that  all 
their  flagella  point  inwards  towards  the  centre  of  the  cham- 
ber (fig.  40,  B),  and  they  all  work  towards 
the  interior  of  the  sponge,  and  thus  supply 
the  motive-power  needed  for  keeping  up  the 
water-currents.  From  the  streams  of  water 
thus  kept  circulating  through  the  sponge 
the  organism  obtains  oxygen,  while  the  in- 
dividual sponge-cells  appropriate  the  min- 
ute particles  of  nutrient  matter  which  may 
be  carried  in  the  water.  Waste  matters  are 
also  carried  off  by  the  outgoing  water-cur- 
rents. By  many  authorities,  the  flagellated 
cells  are  regarded  as  being  the  ones  more 
especially  concerned  in  the  nutrition  of  the 
organism ;  but  this  view  is  rejected  by  others. 
The  above  is  the  typical  arrangement  of 
the  canal-system  in  the  Sponges,  but  it  is 
subject  to  variations  in  different  groups  of 
sponges.  The  simplest  type  of  the  aquifer- 
ous system  is  seen  in  certain  of  the  Ca/d- 
spongugy  such  as  Ascetta  (fig.  41).  In  this 
form  the  organism  is  pear-shaped,  with 

a  thin  outer  wall  enclosing  a  large  cen- 

T\g.  Ai.— Ascetta  ^'mor-  tral  cavity.     At  the  summit  of  the  sponge 
e^"s^S^rlSl^ci  is  the  single  large  osculum,  and  the  whole 
JO  times.  (After  Haec  of  the  outer  Wall  is  picrced  by  innumer- 
able pores.     There  is  no   proper  canal- 
system,  or  but  a  rudimentary  expression  of  such,  since  the 
pores  simply  traverse  the  thin  outer  wall,  and  open  into  the 
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large  central  cavity.  There  are  thus  no  proper  "flagellated 
chambers,^'  but  the  endoderm  lining  the  whole  central  cavity  is 
composed  of  flagellated  cells.  The  central  chamber  may  thus 
be  compared  to  a  single  large  flagellated  chamber,  which  opens 
externally  by  the  apical  osculum. 

In  a  few  sponges  (the  Myxospongia  of  Haeckel)  there  is  no 
skeleton,  and  the  above  description  would,  therefore,  fully 
express  the  general  structure  of  the  organism.  In  the  vast 
majority  of  sponges,  however,  the  soft  cellular  body  is  sup- 
ported by  more  or  less  extensively  developed  hard  structures, 
which  collectively  constitute  the  skeleton.  The  nature  of  the 
skeleton  varies  greatly  in  dififerent  forms,  and  these  variations 
have  been  largely  made  use  of  in  the  identification  and  clas- 
sification of  the  Sponges.  Speaking  generally,  the  skeleton 
has  the  form  of  a  more  or  less  coherent  framework,  composed 
either  of  homy  fibres,  or  of  needles  of  mineral  matter,  or  of 
both  these  elements  in  combination.  The  different  modifica- 
tions of  the  skeleton  will  be  more  particularly  spoken  of  in 
dealing  with  the  different  groups  of  sponges.  It  will  be  suffi- 
cient to  point  out  here  that,  apart  from  modifications  in  the 
form  of  the  skeletal  elements,  there  are  the  following  four 
principal  types  of  skeleton  among  the  Sponges : — 

1.  In  certain  sponges  (such  as  the  Common  Bath  Sponges) 
the  skeleton  is  wholly  composed  of  netted  homy  fibre§,  without 
proper  "spicules."  The  substance  composing  the  fibres  in 
such  types  is  allied  to  hom,  but  not  precisely  ^of  the  same 
nature,  and  it  is  known  as  "  spongin  "  or  "  keratode." 

2.  In  another  group  of  sponges,  including  most  of  the  com- 
moner forms,  the  skeleton  is  more  or  less  extensively  composed 
of  siliceous  needles  of  "  spicula,"  of  various  forms.  These  spic- 
ules may  be  embedded  in  various  ways  in  a  reticulated  fibrous 
skeleton  of  spongin;  or  the  homy  material  may  be  greatly 
reduced,  so  that  the  skeleton-fibre  consists  essentially  of  minute 
flinty  needles. 

3.  In  a  third  group  of  sponges,  the  skeleton  is  destitute  of 
homy  matter,  and  consists  wholly  of  siliceous  spicules,  which 
may  be  fused  with  one  another  into  a  continuous  framework, 
or  may  be  so  interlocked  by  their  ends  as  to  produce  practical 
rigidity.  In  both  this  group  and  the  preceding,  in  addition  to  the 
proper  skeleton,  there  are  developed  in  the  mesoderm  numerous 
microscopic  needles  of  flint,  which  are  known  as  "  flesh-spicules." 

4.  Lastly,  there  is  a  group  of  sponges  in  which  the  skeleton 
is  wholly  made  up  of  spicules  of  carbonate  of  lime. 

Reproduction  and  Development. — Reproduction  in  the 
Sponges  may  be  affected  either  sexually  or  non-sexually.    In  the 
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sexual  method  of  reproduction,  certain  of  the  cells  of  the  meso- 
derm become  converted  into  ova,  while  the  spermatozoa  are 
developed  in  clusters  in  the  mesoderm.  The  actual  fertilisa- 
tion of  the  ova  by  the  spermatozoa  has  not  yet  been  certainly  ob- 
served. The  ova  are  usually  liberated  from  the  sponge  through 
the  medium  of  the  exhalant  canals.  In  the  asexual  method  of 
reproduction  groups  of  mesodermcells  become  segregated, and 
surrounded  by  a  spiculated  capsule,  when  they  constitute  the 
so-called  "  gemmules."  These  gemmules 
ultimately  are  liberated  from  the  parent 
sponge,  when  the  contained  sponge- 
cells  escape  with  the  water  through  an 
opening  in  the  wall  of  the  capsule,  and 
become  developed  into  a  new  sponge. 

The  process  of  reproduction  by  means  of  "  gem- 
mules was  first  accurately  observed  in  the  fresh- 
water sponges  {Spongilla),  but  it  occurs  in  many 
marine  types  as  well.  If  a  Spotigilla  be  exam- 
ined in  winter,  its  deeper  portions  will  be  found 
filled  with  the  small  seed -like  "gemmules," 
each  of  which  possesses  a  small  aperture  or 
"hilum*'  at  one  point  (fig.  42,  a\  Each  gem- 
mule  is  composed  of  an  outer  coriaceous  capsule 
surrounded  by  a  layer  of  peailiar  asteroid  spi- 

£vf '.TliM  ""'i^?^®^'^'^'"   cula,  resembling  two  toothed  wheels  united  by 

^/m;  A  Hilum;  ^Diagram-  *  ,  j  ^     *    j  «  vj-       »  icl  r     / 

matic  section  of  thrgem-   an  axle,  and  termed  "amphidiscs     (fig.  42,  b,  c). 

mule,  showing  the  outer   These   amphidiscs   are   embedded   in  sarcode, 

jayer  of  amphidiscs  and  the   whilst  their  inner  surfaces  rest  upon  the  tessel- 

Sf"?he°tSphidu!5f 's^i^iJ   ated  capsule  already  mentioned.     In  the  interior 

profile.  of  the  capsule  thus  formed  is  a  mass  of  cells, 

which,   on  the  coming  of  spring,  is  extruded 

through  the  hiliform  opening  of  the  capsule  into  the  water,  and  becomes 

developed  into  a  young  Spongilla, 

As  r^ards  the  development  of  the  sponges,  the  impregnated  ovum  (fig. 
43,  A)  cleaves,  by  the  usual  process  of  '^segmentation,"  into  a  mass  of 
primitive  cells.  In  the  most  usual  mode  of  development,  the  embryonic 
ceUs  become  divided  into  two  distinct  groups,  one  of  which  ultimately 
forms  the  external  layer  (ectoderm),  whilst  the  other  forms  the  internal  layer 
(endoderm).  As  described  by  Metschnikoff  in  the  embryo  of  Sycon,  these 
groups  of  cells  at  first  form  the  two  poles  of  the  larva,  the  cells  of  the  endo- 
derm being  flagellated  (fig.  43,  B,  r),  and  enabling  the  organism  to  swim 
actively  through  the  water,  whilst  the  cells  of  the  ectoderm  are  non-flagel- 
lated (fig.  43,  B,  b).  In  the  interior  of  the  embryo  is  a  central  cavity  (the 
'* segmentation  cavity").  In  the  process  of  growth,  th#  flagellated  endo- 
dermal  cells  become  gradually  retracted  into  the  interior  of  the  larva  (fig. 
43,  C  and  D),  till  the  body  becomes  completely  invaginated  upon  itself. 
In  this  condition  (fig.  43,  £)  it  forms  what  Haeckel  terms  a  ''gastrula," 
and  consists  of  two  layers  of  cells,  an  outer  and  an  inner,  enclosing  a 
central  cavity,  which  communicates  with  the  outer  water  by  a  single 
primitive  opening.  This  aperture  is  formed  by  the  invagination  of  the 
body,  and  not  by  rupture  of  the  walls  of  the  central  cavity.  The'central 
cavity  of  the  gi^rula  is  not  the  primitive  "  segmentation-cavity,"  this 
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having  been  obliterated  in  the  process  of  invagination,  but  it  is  an  entirely 
new  cavity.  In  its  further  developmenti  a  mesoderm  is  developed  between 
the  two  primitive  embryonic  layers,  and  in  this  the  primordial  spicules  of 
the  skeleton  are  produced.     The  embryo  next  fixes  itself  to  some  foreign 


Fig.  43. — Development  of  CaicUponpa.  A,  Ovum  in  the  act  of  beine  impregnated  by 
the  spermatozoids.  B,  Free-swimming  embryo  of  Sycon^  showing  the  non-nagellated 
ectodemud  cells,  and  the  flagellated  endodermal  cells,  the  latter  enclosing  a  temporary 
**  segmentation-cavity"  (a).  C^  The  embryo  further  advanced,  with  the  flagellated 
half  of  the  body  recluced  in  size.  D,  The  embryo  at  a  later  staee,  showing  the 
primitive  spicules,  and  the  commencing  body-cavity  (<0*  £|  Unattached  larva,  with- 
out the  skeleton ;  the  flagellated  endoderm  has  now  been  withdrawn  within  the  non- 
flagellated  ectoderm,  and  the  primitive  opening  into  the  body-cavity  ije)  has  been 
formed  by  invagination.  F,  Young  Sycon,  six  days  old,  showine  the  skeleton. 
b  Non-flagellated  ectodermal  cells;  c  Flagellated  endodermal  cells.  (A  is  after 
Haeckel ;  B,  C,  D,  E,  and  F  are  after  Metschnikofl*.} 

object  by  that  extremity  of  the  body  at  which  the  mouth  is  situated  ;  its 
wadls  become  perforated  by  pores  ;  and  an  osculum  is  produced  at  its  free 
end — the  embryo  now  becoming  converted  into  a  simple  type  of  sponge, 
sach  as  is  represented  permanently  by  Asatta  (fig.  41). 

Classification  of  the  Sponges. — There  is,  perhaps,  no 
single  group  of  the  animal  kingdom  in  which  it  has  proved  so 
difficult  to  establish  a  natural  classification,  as  has  been  found 
to  be  the  case  with  the  Sponges.  Even  at  the  present  day 
there  is  no  extant  classification  which  can  be  regarded  as 
final  It  is,  however,  now  generally  admitted  that  the  Cal- 
careous Sponges  are  so  far  separated  from  all  the  other  groups 
of  sponges  as  to  properly  constitute  a  distinct  class  of  sponges. 
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The  non- calcareous  sponges  may  be  grouped  together  in  a 
second  class  under  the  name  of  Plethospongia,  proposed  for 
them  by  Professor  Sollas.  As  regards  the  ordinal  divisions 
of  the  Plethospongia,  the  grouping  followed  by  Professor  Zittel 
may  be  adopted,  and  the  general  classification  of  the  Sponges 
is  thus  expressed  in  the  following  table  : — 

Sub-kingdom  Porifera. 
Class  I.  PLEXHOSPONGiiE  (Sollas). 
Order  i.  MYXOSPONGiiE  {Haltsarca). 

2.  CERATOSPONGIiE  {Euspongto), 

3.  MoNACTiNELLiDiE  (Haltchondrta,  &c.) 

4.  TETRACTiNELLiDiE  {Geodia,  Teihya,  &c.) 

5.  LiTHiSTiDiE  (Discodermiay  &c.) 

6.  Hexactinellid^  {Hoitmia^  &c.) 

Class  II.  CALCispoNGiiE. 

Family  i.  Ascones  {Ascetia,  &c.) 
If       2.  Leucones  (Letwandra^  &c.) 
II      3.  Sycones  {Grantia). 
II      4.  Pharetrones  {Corynellay  &c.) 

Class  I.  PLETHOSPONGiiE. 

The  Sponges  included  in  this  class  are  occasionally  destitute 
of  hard  structures,  but  the  great  majority  possess  a  skeleton, 
which  may  be  composed  of  homy  fibres  alone,  or  of  siliceous 
spicules  alone,  or  which  is  formed  by  a  combination  of  these 
two  sets  of  structures.  In  no  case  is  the  skeleton  composed 
of  carbonate  of  lime. 

Order  i.  MvxospoNGiiE. — The  sponges  of  this  order  are 
characterised  by  the  total  absence  of  skeletal  structures.  The 
type-genus  is  Halisarca^  comprising  soft  fleshy  sponges,  often 
brilliantly  coloured,  which  form  crusts  upon  submarine  objects. 

Order  2.  CERAXOSPONGiiE. — In  this  group  of  sponges  the 
skeleton  is  composed  entirely  of  the  homy  substance  known 
as  "  spongin,'*  no  proper  spicules  being  developed.  The  type 
of  this  group  is  the  common  Turkey  Sponge  (Euspongia  officin- 
alis). The  horny  fibre  of  the  skeleton  forms  a  close  reticula- 
tion or  network  (fig.  44,  A),  and  can  be  shown  to  consist  of  a 
delicate  axial  thread  of  organic  matter  surrounded  by  a  lam- 
inated sheath.  Though  there  are  no  tme  spicules  in  the 
CeratosponguRy  the  homy  fibre  very  generally  includes  numerous 
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sand-grains  or  other  foreign  bodies  in  its  interior  (fig.  44,  B), 
these  being  taken  in  at  the  free  growing  ends  of  the  fibres,  to 
which  they  form  a  kind  of  core,  replacing  the  soft  organic 


Fig.  44. — Forms  of  skeleton  in  the  iibroas  Sponges.  A,  Horny,  non-spiculate  skeleton 
of  the  Bath  Sponge,  enlarged  about  fifty  times.  B,  Homy  fibre  cored  with  sand- 
pains.  C,  Homy  fibre  with  projecting  siliceous  spicules  ("  Echinonematous " 
Sponge).  D,  Fibre  in  which  the  spongin  has  been  more  or  less  completely  replaced 
by  siliceous  spicules  ("  Holorhaphidote "  Sponge).  B,  C,  and  D  are  greatly  en- 
larged, and  are  after  Carter. 


axis  which  in  some  cases  is  alone  present.  All  the  Cerato- 
spongice  are  marine,  and  are  found  in  warm  seas.  The  true 
Turkey  Sponge  (Euspongia  officinalis)  is  found  in  the  Medi- 
terranean, as  is  also  the  great  Bath  Sponge  {Hippospongia 
equina).  Allied  forms  are  found  in  the  seas  round  the  West 
Indian  Islands. 

Order  3.  MoNACXiNELLiDiE. — This  order  comprises  a  very 
large  number  of  recent  sponges,  all  of  which  possess  a  skeleton 
which  is  typically  composed  of  homy  fibres  with  included 
spicules  of  flint  The  spicules  vary  much  in  form,  but  are 
always  uni-axial,  being  most  commonly  fusiform,  pin-shaped, 
or  bow-shaped  (fig.  45,  a^  b^  c).  The  proportion  borne  by  the 
spicules  to  the  horny  fibre  is  very  variable,  and  in  some  types 
the  skeleton  consists  almost  wholly  of  uni-axial  spicules  with- 
out any,  or  with  very  little,  horny  connecting-substance  (fig. 
44,  D).  In  addition  to  the  spicules  contained  in  the  homy 
skeleton-fibre,  there  are  developed  in  the  mesoderm  more  or 
less  niunerous  siliceous  spicules,  which  lie  loose,  and  which  are 
known  as  "  flesh-spicules,"  and  which  are  also  uni-axial  in  form. 

A  very  large  number  of  the  commoner  marine  sponges 
belong  to  this  order.     The  universally  distributed  "Bread- 
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crumb  "  Sponge  {Anwrphina  panicea)  of  British  coasts  is  a  good 
example  of  the  order.  Another  well-known  type  is  the  com- 
mon Boring  Sponge  {C/iona),  which  forms  winding  and  irreg- 
ularly swollen  canals  in  the  substance  of  shells.  Similar 
burrows  have  been  found  in  fossil  shells  from  rocks  as  old  as 
the  Silurian ;  so  that  the  group  of  the  Monactinellid  Sponges 
is  one  of  great  antiquity. 

A  remarkable  group  of  Monaciindlidct  is  that  of  the  Fresh- 
water Sponges,  of  which  the  common  Spongilla  Jluviatilis  of 
our  rivers  and  lakes  is  a  well-known  representative.  This 
species  forms  irregular  crust-like  or  plant-like  masses,  usually 
of  a  more  or  less  green  colour.     The  spicules  (fig.  45,  c)  are 
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Fig.  45' — Spicules  of  Sponges,  a  Monactinellid  skeleton-spicule  of  Reniera;  b  Mon- 
actinellid spicule  ofC/iona;  c  Monactinellid  spicule  of  Spon^lla;  d  Tetractinellid 
skeleton-sjjicule  of  Geodia;  e  Skeleton-spicule  of  a  Lithistid  Sponge  {yerea)-, 
f  Flesh-spicule  of  Cribella;  g  Flesh-spicule  of  Esperia;  h  Flesh-sjpicule  of  Hya- 
ioncnta.  All  the  ngures  are  greatly  enlarged.  (After  Schmidt,  Vosmaer,  Zittel, 
&c.) 

linear,  pointed  at  both  ends,  slightly  curved,  and  either  smooth 
or  covered  with  minute  projecting  spines.  Reproduction  takes 
place  not  only  sexually,  but  also  by  the  formation  of  numerous 
"  gemmules,"  or  winter-eggs,  as  has  been  previously  described. 
Fresh-water  Sponges,  belonging  either  to  the  genus  Spongilla 
or  to  allied  types,  are  found  in  almost  all  parts  of  the  world. 

Order  4.  Tetractinellid^ — This  order  includes  marine 
Sponges,  which  agree  with  the  preceding  in  the  fact  that  the 
skeleton  consists  of  siliceous  skeleton  -  spicules  and  that 
"  flesh-spicules "  are  present,  but  differ  in  the  fact  that  the 
principal  spicules  of  the  skeleton  are  tetraxial.  The  common- 
est  form  of  spicule  is  that  of  an  elongated  rod  carrying  three 
shorter  rays  at  its  upper  end  {hg.  45,  d).  Besides  the  typical 
tetraxial  spicules,  there  are  other  monaxial  forms,  as  well  as 
variably -shaped  flesh  -  spicules.      The   recent    Tetractinellid 
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Sponges  are  all  inhabitants  of  the  sea,  and  the  genera  Geodia 
and  Tethya  are  well-known  examples  of  the  group.  Fossil 
Sponges  of  this  order  are  found  in  rocks  as  old  as  the  Moun- 
tain Limestone  (Carboniferous). 

Order  5.  LiTHiSTiDiE.  —  The  Lithistid  Sponges  have  a 
firm  resistant  skeleton,  wholly  composed  of  siliceous  spicules, 
and  they  have  been  sometimes  spoken  of,  along  with  the 
sponges  of  the  following  order,  as  "Vitreous  Sponges."    The 


Fig.  46. — A,  Dactylocalyx  ^Mtniceus^  a  Hexactinellid  Sponge  from  the  West  Indies. 
B,  A  spicule  of  the  Lithistid  Sponge  DiscodermtOf  greatly  enlarged,  showing  the 
branched  ends  of  the  spicule.  C,  Part  of  the  skeleton  of  the  Hexactinellid  Farrta 
occa^  greatly  enlarged,  showing  the  continuous  lattice-like  framework,  the  com* 

rient  spicules  of  which  are  only  recognisable  by  their  six-rayed  axial  canals. 
Plan  of  a  single  spicule  of  a  Hexactinellid  Sponge.    (After  LQtken,  SoUas,  and 
Carter.) 

variably-shaped,  coral-like  skeleton  is  made  up  of  essentially 
quadriradiate  (sometimes  irregularly  branched)  siliceous  spi- 
cules (figs.  45,  ^,  and  46,  B),  three  of  the  four  arms  of  which 
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are  so  disposed  as  to  come  together  at  an  angle  of  120'',  while 
the  fourth  arm  lies  in  a  different  plane  to  the  others,  and 
forms  a  cylindrical  shaft  from  which  the  latter  spring.  The 
extremities  of  the  arms  of  the  spicules  are  divided  into  pro- 
cesses (fig.  45,  e\  and  by  the  interlocking  of  these,  contiguous 
spicules  are  united  into  a  continuous  and  rigid  skeleton,  the 
meshes  of  which  are  more  or  less  irregular  and  curvilinear. 
There  may  be  a  single  terminal  osculum,  or  numerous  scat- 
tered oscula;  and  the  soft  tissues  commonly  contain  isolated 
"  flesh-spicules." 

The  Lithistid  Sponges  are  all  marine,  and  are  inhabitants 
of  deep  water.  Well-known  recent  genera  are  Discodermia^ 
Corallistes,  APAndrewia^  Azorica^  and  Ldodermatium,  Nu- 
merous fossil  forms  of  the  Lithistida  are  known,  beginning  in 
the  Silurian  period. 

Order  6,  Hexactinellid-*:. — In  this  group  of  the  sili- 
ceous sponges,  the  skeleton  is  composed  of  six-armed  flinty 
spicules,  the  rays  of  which  are  at  right  angles  to  each  other 
(fig.  46,  D).  In  the  centre  of  each  spicule  are  three  canals 
cutting  each  other  at  right  angles,  and  forming  an  axial  six- 
rayed  tube.  In  some  Hexactinellid  sponges,  the  spicules  are 
simply  united  by  the  soft  tissues.  More  commonly,  the 
spicules  are  fused  with  one  another  by  the  ends  of  corre- 
sponding rays,  or  are  united  by  means  of  amorphous  silica,  so 
as  to  form  a  trellis-work  of  rectangular  or  polyhedral  meshes, 
the  individual  spicules  of  which  may  be  only  recognisable  by 
the  persistence  of  their  axial  canals  (fig.  46,  C).  The  "  flesh- 
spicules  '*  are  fundamentally  six-armed,  but  may  give  off  sec- 
ondary branches  so  as  to  form  a  rosette. 

Among  the  living  Heocadinellida^  the  Venus'  Flower-basket 
{Euplectdld)  is  one  of  the  most  familiar  forms.  In  this  ex- 
quisitely beautiful  sponge,  the  skeleton- spicules  are  of  large 
size,  and  the  entire  skeleton  is  at  first  flexible  and  soft,  the 
spicules  being  free.  Ultimately,  the  spicules  become  cemented 
together  by  a  coating  of  vitreous  silex,  so  as  to  form  a  ladder- 
like trellis-work.  There  is  a  single  terminal  osculum,  provided 
with  a  porous  lid ;  the  sponge-body  is  rooted  in  the  mud  of 
the  sea-bottom  by  a  beard  of  long  siliceous  fibres ;  and  the 
entire  skeleton  in  the  living  state  is  completely  concealed  by  a 
thick  covering  of  brown  sarcode.  Another  beautiful  form  is 
the  "Bird's-nest  Sponge  "  (-^^//w/ii,  fig.  47),  which  is  anchored 
to  the  mud  at  the  bottom  of  the  sea  by  a  wisp  of  siliceous 
fibres.  Another  very  interesting  Hexactinellid  sponge  is  the 
Hyalonema  or  "  Glass-rope  Zoophyte,"  long  supposed  to  be  a 
kind  of  coral.     In  this  singular  type,  there  is  a  comparatively 
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f  MJ-  Ai.—HoHenia  Carptnteri^  a  siliceous  Sponge  belonging  to  the  group  of  the 
HexactinelHda,    (After  Sir  Wyville  Thomson.) 
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small  sponge-body,  which  is  rooted  to  the  mud  at  the  sea- 
bottom  by  a  long  rope  of  delicate  siliceous  fibres.  In  addi- 
tion to  this  skein  of  "  anchoring-fibres,"  there  are  branched 
spicules,  which  are  four-armed  or  five-armed  in  the  recent 
forms,  but  are  hexradiate  in  fossil  examples.  Other  well-known 
living  Hexactindlida  are  AphrocallisteSy  Farrm,  DactyiocalyXy 
(fig.  46,  A),  &c.  All  the  known  forms  are  marine,  and  are  in- 
habitants of  deep  water.  Very  many  fossil  forms  of  the 
Hexactinellid  sponges  are  known,  beginning  as  early  as  the 
Cambrian  period. 

Class  IL — CALCispoNGiiE. 

The  second  class  of  Sponges  comprise  forms  in  which  the 
skeleton  is  composed  of  spicules  of  carbonate  of  lime.  The 
spicules  are  never,  in  living  species,  fused  with  one  another, 
nor  united  by  a  horny  fibre,  and  are  in  the  form  of  simple 
fusiform  rods,  or  of  three-rayed  (rarely  four-rayed)  needles. 

The  triradiate  spicules  (fig.  48,  A)  are  the  form  especially 


Fig.  48.— A,  Portion  of  Grantia,  highly  magnified,  showing  the  triradiate  spicules  and 
the  sponge-cells ;  B,  A  flagellate  sponge-cell  of  Grantia  compressa,  greatly  enlaived, 
showing  the  membranous  collar  (<»),  the  flagellum  (/),  the  contractile  vesicles  (c  c), 
and  the  nucleus  («) ;  C,  A  cell  of  Grantia  compressa,  with  the  pseudopodia  pro- 
truded and  without  the  flagellum,  greatly  enlarged.    (B  and  C  are  after  Carter.) 

characteristic  of  the  Caldspongia,  but  two  or  all  of  the  known 
forms  of  spicule  may  occur  in  a  single  sponge.  In  the  group 
of  fossil  sponges,  described  by  Zittel  under  the  name  of  Phare- 
trones,  the  skeleton  is  formed  by  a  reticulated  calcareous  fibre, 
which  is  "  wholly  composed  of  spicules  in  close  approximation 
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to  each  other,  and  as  closely  interwoven  together  as  the  strands 
of  a  rope"  (Hinde). 

The  canal-system  of  the  Calcispongia  exhibits  considerable  differences  as 
regards  its  development  and  arrangement  in  different  groups.  In  one  series 
of  forms  (the  Ascorus  of  Haeckel)  the  sponge  has  the  form  of  a  simple  thin- 
walled  sac,  which  opens  at  its  apex  by  a  single  osculum,  and  is  lined 
throughout  by  flagellated  cells,  the  wall  being  perforated  by  numerous  con- 
stantly-changing pores  for  the  admission  of  water  (fig.  41).  In  these  forms, 
therefore,  there  are  no  proper  inhalant  or  exhalant  canals.  In  another 
group  (the  Sycanes  of  Haeckel)  the  sponge  is  sac-like,  with  a  central  cavity 
and  terminal  osculum,  but  with  thick  walls,  which  are  traversed  by  numer- 
ous simple  radial  canals  opening  on  the  surface  by  "pores."  The  endo- 
derm  of  the  central  chamber  is  not  flagellated,  but  the  radial  canals  are 
dilated  into  flagellated  chambers.  In  a  third  group  of  forms  (the  Leucones 
of  Haeckel),  the  general  form  of  the  Sponge  is  the  same  as  in  the  preceding 
group,  but  the  canals  traversing  the  thick  walls  of  the  body  are  branched. 

The  living  Calcareous  Sponges  are  all  of  small  size,  and  of 
delicate  texture,  and  they  are  all  inhabitants  of  the  sea.  Gran- 
Ha  comprasa  and  Leucandra  nivea  are  well-known  British 
examples  of  the  order. 
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CHAPTER   VII. 

THE  SUB-KINGDOM  CCELENTERATA. 

I.  Characters  of  the  Sub-Kingdom.     2.  Divisions.     3. 
•  General  Characters  of  the  Hydrozoa.     4.  Expla- 
nation of  Technical  Terms. 

The  sub-kingdom  Qjcimterata  (Frey  and  Leuckart)  may  be 
considered  as  a  modern  representative  of  the  Radiata  of 
Cuvier.  From  the  Radiata^  however,  the  Echinodermata  and 
Rotifera  have  been  removed,  the  entire  sub-kingdom  of  the 
Protozoa  has  been  taken  away,  and  the  Polysoa  have  been 
relegated  to  a  place  near  the  Mollusca,  Deducting  these 
groups  from  the  old  Radiata^  the  residue,  comprising  most 
of  the  animals  commonly  known  as  Polypes  or  Zoophytes, 
remains  to  constitute  the  modern  Cosienierata, 

The  CoiUnterata  may  be  defined  as  radially  -  symmetrical 
animalsy  in  which  the  mouth  opens  into  a  simple  dr  variously 
divided  space  {^^cxlenteric  cainty^')^  which  acts  as  cm  alimentary 
cavity^  and  which  may  or  may  not  be  divided  into  two  portions, 
of  which  one  forms  a  rudimentary  digestive  tube.  The  body-wall 
consists  of  two  fundamental  layers  {^^  ectodenh^'  and  ^^  endo- 
derm^\  between  which  an  intermediate  layer  (^^ mesoderm^')  is 
usually  developed.  Peculiar  urticating  organs,  or  "  thread-cellsy 
are  present.  The  nervous  system  is  sometimes  specialised,  some- 
times diffused ;  but  no  vascular  organs  are  developed.  Reproduc- 
tive organs  are  invariably  present  at  some  period  or  another  of 
life,  though  asexual  reproduction  is  also  very  general. 

The  leading  fea^ture  in  the  Goelenterate  animals  is  to  be 
found  in  the  fact  that  the  walls  of  the  body  enclose  a  cavity 
(fig.  49,  b),  which  is  concerned  with  the  processes  of  digestion 
and  circulation,  and  which  represents  the  body-cavity  of  the 
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higher  animals.  Into  this  general  cavity  the  mouth  opens, 
eitiier  directly  or  by  the  intervention  of  a  short  oesophageal 
tube.     There  are,  however,  no  proper  digestive  organs  apart 


Fig.  40. — Diagrammatic  vertical  section  of  a  Sea- Anemone.^  a  Mouth;  s  Gullet; 
6  Body^avity;  cc  Convoluted  cords  ("craspeda")  containing  thread-cells,  and 
forming  the  free  edges  of  the  mesentery  (w);  /  t  Tentacles;  o  Reproductive 
organ  contained  withm  the  mesentery.  Tne  ectoderm  {e)  is  indicated  by  the  broad 
external  line,  the  endoderm  (/)  by  the  thin  line  and  the  space  between  that  and  the 
--•ctQderm. 

fi^omJhh.  cavity,  nor  are  definite  circulatory  organs  developed. 
The/fluioSfilling  the  general  body-cavity  corresponds,  in  fact, 
to  tnebloocK^  the  higher  animals,  and  its  circulation  is  cfllr- 
ried  ohvbylfe  ciliated,  lining  of  the  cavity^^^The"gei)^al 
cavity  included-  within  th^  walls  of  the  bodiy  may  thcfefore 
be  appropriately  spoken  o^as  the  "  gastro-vascular  spate." 

The  njouth  of  the  Co&l6nterata  is  surrounded  by  hollow  or 
solid,  tft<?tile  or  prehensile  filaments,  which  ire  knowii  as  the 
"  tentacles."  These  organs  are  arranged  fn  ja  "  radiate^man- 
ner;  tiiOugh  traces  of  bilateral  symmetric  are  by  no  m^eans 
wholly  wanting  among  thie  Ccelenterates.  j  They  are  absent  in 
Protokydra  and  Microhydiig^  and  in  the  siyiess  zooids  of  the 
Alcyonaria ;  and  they  may  be  complejiwy'  retractile  or  pnly 
capable  of  being  shortened. 

As  regards  the  fundamental  tissues  of  the  Cceienterata,  there 
exist  two  primary  membranes,  an  external  and  internal,  which 
are  known  respectively  as  the- "  ectoderm  "  and  "  endoderm  " 
(fig.  49,  e  und  /).  The  ectoderm  covers  the  whole  puter  sur- 
face of  the'  tody,  and  also  lines  the  oesophagus,  when  this  is 
present.  The  endoderm  covers  the  entire  inner  surface  of  the 
body,  the  cavities  .Uf  ^he-  tentacles,  and  the  outside  of  the 


126 


MANUAL  OF  ZOOLOGY. 


gullet  (when  this  is  present).  The  ectoderm  and  endoderm 
correspond  with  the  primitive  serous  and  mucous  layers  ("epi- 
blast"  and  "hypoblast")  of  the  germinal  area,  and  become 
differentiated  in  opposite  directions,  the  ectoderm  growing 
from  within  outwards,  and  the  endoderm  from  without  in- 
wards. Each  is  primitively  cellular,  but  the  inner  portions  of 
both  may  become  specialised  so  as  to  give  rise  to  different 
tissues.  Between  the  ectoderm  and  endoderm  there  is,  typi- 
cally, developed  a  third  layer  or  "  mesoderm,"  which  is  essen- 
tially of  the  nature  of  connective  tissue. 

In  the  higher  Coelenterates,  such  as  the  Sea-anemones,  the  ectoderm  is 
composed  of  exceedingly  long  and  narrow  nucleated  cells,  placed  at  right 
angles  to  the  surface  (fig.  50,  A,  ec\  and  having  their  free  outer  ends  mr- 


A  B 

Fig.  50.— HUtology  of  CotUnterata,  A,  Vertical  section  of  the  oral  disc  of  a  Sea-Anem- 
one, greatly  enlarged  (slightly  altered  after  O.  and  R.  Hertwig):  ec  Ectoderm, 
composed  of  long  epithelial  cells,  along  with  thread-cells  (0.  and  gland-cells  \d  and 
d) ;  tn  Endoderm,  with  gland-cells  {d) ;  /  Mesoderm ;  m  m  Muscular  lavers ; 
n  Nervous  layer;  ^One  of  the  large  ganglion-cells.  B,  Nervous  layer,  consisting 
of  delicate  fibres  and  large  nerve-cells,  in  a  Sea- Anemone — greatly  enlarged. 
(After  O.  and  R.  Hertwig.) 

nished  with  cilia  or  flagella.     Interspersed  among  the  ordinary  ectodermal 
cells  are  various  special  cells— viz.,  the  "thread -cells"  (fig.  50,  A,/),  brge 
glandular  cells  of  different  kinds,  and  peculiar  **  sense-cells." 
The  ettdodcmi  (fig.  50,  A,  en)  consists  of  cells,  similar  in  most  respects 
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to  those  of  the  ectoderm,  but  shorter.  The  inner  ends  of  the  endodermal 
cells  are  ciliated,  or  are  furnished  with  flagella,  and  intermixed  among 
them  are  numerous  glandular  cells. 

The  nusoderm  (fig.  50,  A,  /)  consists  essentially  of  connective  tissue,  and 
fonnsakind  of  framework  ("supporting  lamina"),  which  accurately  cor- 
responds with  the  form  of  the  body. 

Both  the  ectoderm  and  the  endoderm  may  undergo  partial  differentiation 
into  muscular  and  nervous  elements.  The  muscles  have  the  form  of  long 
fibrils,  some  of  which  have  a  longitudinal  and  others  a  circular  direction. 
They  are  developed  primitively  from  both  the  inner  side  of  the  ectoderm 
and  the  outer  side  of  the  endoderm  (fig.  50,  A,  m  m) ;  but  they  often  come 
ultimately  to  lie  in  the  mesoderm.  A  layer  of  a  nervous  nature  is  devel- 
oped at  the  inner  side  of  the  ectoderm  (fig.  50,  A,  «),  consisting  of  nerve- 
fibres  and  lar?e  ganglion-cells.  The  cells  (fig.  50,  B)  are  of  large  size,  and 
give  off  long  delicate  fibres,  but  they  are  simply  diffused,  and  are  not  aggre- 
gated into  definite  ganglia.  In  some  forms,  however,  nerve-cords  have 
been  recognised.  Similar  nervous  elements  to  those  found  in  the  ectoderm 
may  be  likewise  developed,  though  more  sparingly,  in  the  endoderm. 

In  connection  with  the  integument  of  the  Coslenterata,  the 
organs  termed  "thread -cells"  ("cnidae,"  or  " nematocysts ") 
must  be  noticed.     These  are  peculiar  cellular  bodies  (fig.  51), 


Hg.  5x. — ^Thread-cells  of  Ccelenterata,  greatly  magnified.  A  and  B,  The  thread-cell  of 
Caryophyllia  Smitkii^  in  the  everted  condition,  and  in  two  variedes  ;  C  and  D,  The 
thrnd-cell  of  C<>ralHmor^tu profundus,  in  a  quiescent  and  active  condidon,  en- 
larged about  500  times ;  £,  The  thread-cell  of  Hydra^  in  an  everted  condition.  (After 
GoiM  and  MoMley.) 

of  various  shapes,  which  are  used  in  killing  the  prey  of  the 
animal,  and  also  as  weapons  of  offence  and  defence,  and  which 
conununicate  to  many  members  of  the  sub-kingdom  (^.^.,  the 
Sea-blubbers)  their  well-known  power  of  stinging.    The  thread- 
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cells  have  the  form  of  capsules  filled  with  fluid,  and  having 
coiled  up  in  their  interior  a  longer  or  shorter  thread.  Each 
capsule  is  developed  within  a  cell,  which  carries  a  delicate 
sensitive  process  ("  cnidocil ").  When  this  process  is  touched, 
the  cell  bursts  and  the  thread  is  thrown  out  of  the  sac  to  its 
full  length,  piercing  any  soft  substance  with  which  it  may  come 
in  contact.  The  thread  is  often  barbed  or  serrated,  and  the 
fluid  contained  within  the  capsule  probably  has  some  poison- 
ous action.  Thread-cells  of  various  forms  are  exceedingly 
characteristic  of  the  Coelenterates,  but  analogous  organs  exist 
in  other  animals  (^.^.,  in  the  Infusoria^  the  Planarian  worms, 
some  Annelides,  &c.)  They  are  specially  developed  in  the 
ectoderm  (fig.  50,  A,  /),  and  are,  as  a  rule,  especially  abun- 
dant in  the  tentacles.  In  one  group  of  the  Coelenterates — 
viz.,  the  Ctenophora — thread-cells  are  rarely  present,  but  their 
place  is  taken  by  analogous  structures  ("  fixing- cells  ").  Be- 
sides the  thread-cells,  the  tentacles  of  some  Hydroids  are 
furnished  with  rigid  hair-like  processes,  which  are  probably 
tactile  in  function,  and  which  are  known  as  "  palpocils." 

The  CaUnierata  are  divided  into  two  classes,  termed  respect- 
ively the  Hydrozoa  and  the  Actinozoa, 

Class  I.    Hydrozoa. 

The  Hydrozoa  are  defined  as  Cosimterata  in  which  the  walls 
of  the  body  enclose  a  simple  undivided  cavity  (the  "  casienteric 
cavity'^),  which  ads  both  as  a  body-cavity  and  a  digestive  cavity. 
An  oesophageal  tube  is  not  developed ;  but  the  upper  end  of  the 
alimentary  tract  may  be  prolonged  into  radiating  canals  united  by 
a  peripheral  ring.  The  reproductive  organs  are  external  buds, 
and  are  often  developed  in  specially  modified  zobids  (fig.  52). 

It  follows  firom  the  above,  that,  since  there  is  but  a  single 
internal  cavity,  the  body  of  a  Hydrozoon  on  transverse  section 
appears  as  a  single  tube,  the  walls  of  which  are  formed  by  t*he 
limits  of  the  general  parietes  of  the  body. 

The  Hydrozoa  are  all  aquatic,  and  the  great  majority  are 
marine.  The  class  includes  both  simple  and  composite  organ- 
isms, th^  most  familiar  examples  being  the  common  Fresh- water 
Polypes  {Hydra),  the  Sea -firs  {Setiularida),  the  Jelly-fishes 
{Medusce),  and  the  Portuguese  man-of-war  {Physalia), 

Owing  to  the  great  difficulty  which  is  ordinarily  experienced  by  the  stu- 
dent in  mastering  the  details  of  this  class  of  animals,  it  has  been  thought 
advisable  to  introduce  here  a  short  explanation  of  some  of  tho^echnical 
terms  which  are  in  more  general  use  in  describing  these  organisms. 
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General  Terminology  of  the  Hydrozoa. 

Individual. — We  have  already  seen  {see  Introduction)  that  the  term  "  in- 
dividual," in  its  zoological  sense,  must  be  restricted  to  ''the  entire  result 
of  the  development  of  a  single  fertilised  ovum,"  and  that  in  this  sense  an 
individual  may  either  be  simple,  like  an  Afrueda,  or  may  be  composite,  like 


Fig.  52. — A,  The  common  Hydn  {Hydra  vul£aris\  canyin^  3roung  Hydra  which  it 
has  prtxluced  by  budding,  considerably  magnified  (after  Hmcks).  B,  Diagrammatic 
aectioa  oC  the  Hvdray  snowing  the  mouth  surrounded  by  the  tentacles,  and  the  disc 
of  attachment;  tne  dark  and  Rght  lines  indicate  the  two  layers  of  the  integument, 
and  on  one  side  of  the  body  is  shown  a  single  large  egg. 

many  Infnsorians  (e,g,,  Epistylis).  If  all  the  parts  composing  an  individual 
remain  mutually  connected,  its  development  is  said  to  be  ''continuous*'; 
bat  if  any  of  these  parts  become  separated  as  independent  beings,  the  case 
becomes  one  of  "discontinuous"  development.  We  have  seen,  also,  that 
bowever  long  zooidal  multiplication  may  go  on,  there  ultimately  arrives  in 
the  history  of  every  individual  a  period  at  which  sexual  reproduction  must 
be  called  in  to  ensure  the  perpetuation  of  the  species  throughout  time. 
This  truth  is  expressed  by  Steenstrup's  celebrated  law  of  the  "alternation 
of  generations.' 

Amongst  the  Hydrotoa^  the  individual  may  be  either  simple  or  com- 
poond,  and  the  development  may  be  either  continuous  or  discontinuous, 
the  following  terms  beine  employed  to  denote  the  phenomena  which  occur. 

Hydrosoma. — This  is  the  term  which  is  employed  to  designate  the  entire 
body  of  a  Hydrotoon^  whether  it  be  simple,  as  in  the  Hydro,  or  composite, 
as  in  a  Scrtu/arian, 

Fdypite, — The  alimentary  region  of  a  Ilydratoan  is  called  a  "  polypite  "; 
the  term  "polype "  being  now  restricted  to  the  same  region  in  the  Actin- 
Mdo.  In  the  simple  Hydrozoa  the  entire  organism  may  t^  called  a  "  poly- 
pite ";  but  the  term  is  more  appropriately  applied  to  the  separate  nutritive 
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factors  which  together  make  up  a  compound  Hydrozoon,     By  Professor 
AUmsin  the  term  "hydranth"  is  used  in  preference  to  **  polypite.'* 

Distal  and  Proximal, — These  are  terms  applied  to  different  extremities 
o/  the  hydrosoma.  It  is  found  that  one  extremity  grows  more  quickly  than 
the  other,  and  to  this  free-erowing  end — at  which  the  mouth  is  xisually 
situated — the  term  "distal"  is  apphed.  To  the  more  slowly  growing  end 
of  the  hydrosoma — which  is  at  the  same  time  usually  the  fixed  end — the 
term  '' proximal "  is  applied.  These  terms  may  be  used  either  in  relation 
to  a  single  polypite  in  the  compound  Hydrosoa^  or  to  the  entire  hydrosoma, 
whether  simple  or  compound. 

Hydrorhixa, — This  term  is  applied  to  that  portion  of  the  proximal  end 
of  a  Hydroid  colony  by  which  it  is  attached  to  some  foreign  Ixxly. 

Ccmosarc.  — This  is  the  term  which  is  employed  to  designate  the  common 
trunk,  which  unites  the  separate  pol3rpites  of  any  compound  Hydrotoon  into 
a  single  organic  whole. 

Polypary. — The  term  "polypary"  or  "polypidom"  is  applied  to  the 
homy  or  chitinous  outer  covering  or  envelope  with  which  many  of  the 
Hydrosoa  are  furnished.  These  terms  have  also  not  uncommonly  been 
applied  to  the  very  similar  structures  produced  by  the  much  more  highly 
organised  Sea-mats  and  their  allies  (Polyzoa\  but  it  is  better  to  restrict 
their  use  entirely  to  the  Hydrotoa,  By  Professor  AUman  the  term  "  peri- 
sarc  "  is  given  to  the  chitinous  investment  by  which  the  soft  parts  of  the 
Hydrozoa  are  often  protected,  whUe  other  writers  use  the  term  "peri- 
derm." 

Zobids. — In  continuous  development,  the  partially  independent  beings 
which  are  produced  by  gemmation  or  fission  from  the  primitive  organism, 
to  which  they  remain  permanently  attached,  are  termed  "zooids."  In 
other  words,  the  ''zooios"  are  the  more  or  less  individualised  members  of 
which  the  Hydroid  colony  is  made  up. 

In  discontinuous  development,  where  certain  portions  of  the  "indivi- 
dual "  are  separated  as  completely  independent  beings,  these  detached 
portions  are  likewise  termed  "zooids";  that  which  is  first  formed  being 
distinguished  as  the  "producing  zooid,"  whilst  that  which  separates  from 
it  is  known  as  the  "produced  zooid."  In  a  great  number  oi Hydro%oa 
there  exist  two  distinct  sets  of  zooids,  one  of  which  is  destined  for  the  nu- 
trition of  the  colony,  and  has  nothing  to  do  with  generation,  whilst  the 
functions  of  the  other,  as  far  as  the  colony  is  concerned,  are  wholly  repro- 
ductive. For  the  whole  assemblage  of  the  nutritive  zooids  of  a  Hydroxoon 
Professor  AUman  has  proposed  the  term  "trophosome,  applying  the 
term  "  gonosome  "  to  the  entire  assemblage  of  the  reproductive  zooids.  In 
such  Hpfdrotoa^  therefore,  as  possess  these  two  distinct  sets  of  zooids,  the 
"individual,"  zoologically  speaking,  is  composed  of  a  trophosome  and  a 
gonosome.  It  follows  from  this  that  neither  the  trophosome  nor  the  gono- 
some, however  apparently  independent,  and  though  endowed  with  intrinsic 
powers  of  nutrition  and  locomotion,  can  be  looked  upon  as  an  "individual," 
in  the  scientific  sense  of  this  term.  As  a  rule,  the  zooids  of  the  trophosome 
are  all  like  one  another,  or  are  "  homomorphic  ";  but  there  are  some  cases 
(as  in  Hydractinia^  and  in  the  nematophores  of  the  Plumularida)  in  which 
some  of  the  zooids  of  the  trophosome  are  unlike  the  others.  The  zooids 
of  the  gonosome,  on  the  other  hand,  are  normally  unlike,  or  are  "  hetero- 
morphic,"  consisting  of  two  or  three  different  sets  of  zooids,  each  with  its 
special  duty  in  the  generative  functions  of  the'  Hydroid  colony. 

Gonophores, — ^The  general  name  of  "gonophores  "  is  given  to  the  exter- 
nal bucfs  in  which  the  reproductive  elements  are  produced  in  the  Hydrozoa, 
Except  in  Hydra,  the  gonophores  can  be  more  or  less  clearly  shown  to  be 
modified  zooids  or  polypites  (fig.  53).     Usually  the  gonophore  consists  of 
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an  external  investment,  which  encloses  a  fixed  generative  sac  or  a  free 
sexual  zooid  (gonozooid).  In  the  highest  stage  of  development,  the  sexual 
rooid  is  ultimately  detached  from  the  parent  colony  ("  trophosome  ")  to 
lead  an  independent  existence,  when  it  constitutes  a  Medusa,  or  Jelly-fish 


Fig.  55. — ^A,  Part  of  the  colony  of  Boufainvillea  muscus^  of  the  nalaral  size.  B,  Part 
of  the  same  enlarged :  /  A  polypite  fully  expanded  ;  m  An  incompletely  developed 
medusiform  bud ;  ni  A  more  completely  developed  medusiform  bud ;  /  Coenosarc 
with  its  investing  periderm  and  central  canal.  C,  A  firee  medusiform  gonophore  of 
the  same:  m  Gonocalyx;  /Manubrium;  c  One  of  the  radiating  gastro-vascular 
cazials ;  0  Ocellus;  v  Velum;  t  Tentacle.    (After  Allman.) 

(fig.  53,  C).  In  other  cases,  the  generative  bud  assumes  the  form  of  a 
Medusa,  but  is  not  set  free  from  the  parent,  in  which  case  it  is  known  as  a 
**  medusiform  gonophore. " 
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CHAPTER  VIIL 

DIVISIONS  OF  THE  HYDROZOA. 

Sub-class  Hydroida.* 

The  Hydrozoa  are  divided  into  six  sub-classes — ^viz.,  the  Hy- 
droida^ the  Siphonophora^  the  Lucemarida^  the  Graptolitoidea^ 
the  HydrocorallifUB^  and  the  Stromatoporoidm, 

Sub-class  I.  Hydroida. — This  sub-class  comprises  Hy- 
drozoa in  which  the  hydrosoma  consists  typically  of  numerous 
simple  polypites  united  by  a  branched  cosnosarc,  and  forming  a 
more  or  less  plant-like  colony  attached  to  foreign  bodies  by  an 
adherent  base  {^^ hydrorhiza^*).  Very  commonly  the  colony  de- 
velops a  hard  outer  layer  or  ^^polyparyP  Reproduction  takes 
place  by  flowed  generative  buds  (usually  medusoid  in  structure),  or 
by  the  development  of  free  medusiform  gonophores.  In  some  cases 
the  hydrosoma  is  simple,  and  may  either  resemble  a  single  polypite 
of  one  of  the  colonial  forms  {as  in  Hydra),  or  may  be  similar  to 
a  medusiform  gonophore  (as  in  the  Trachy medusa). 

The  **  Hydroid  Zoophytes  "  may  be  divided  into  five  orders 
— viz.,  the  Hydrida,  the  Corynida,  the  Thecaphora,  the  Theco- 
medusce,  and  the  Trachymedusa. 

Order L  }lyi>^ii>K{Eleutheroblc^tica,Pil\m^xi\  Gymnochroa, 
Hincks). — This  order  comprises  those  Hydrozoa  whose  "  hydro- 
soma** consists  of  a  single  locomotive  polypite,  with  tentacles  and 
^^  hydrorhiza,*\  and  with  reproductive  organs  which  appear  as 
simple  external  processes  of  the  body-walL  The  hydrorhiza  is 
discoid,  and  no  hard  cuticular  layer  is  at  any  time  developed. 

The  oi^^x Hydrida  comprises  a  single  genus t  ov\y\HydrcC), 
including  the  various  species  of  "  Fresh-water  Polypes,"  as  they 
are  often  called.  The  common  Hydra  (fig.  52,  A)  is  found 
abundantly  in  this  country,  and  consists  of  a  tubular  cylindri- 
cal body,  the  "  proximal "  extremity  of  which  is  expanded  into 
an  adherent  disc  or  foot — the  "hydrorhiza" — by  means  of 
which  the  animal  can  attach  itself  to  some  foreign  body.  It 
possesses,  however,  the  power  of  detaching  the  hydrorhiza 

*  For  full  details  as  to  the  morphology  and  physiology  of  the  Hydroid 
Zoophytes,  the  student  should  refer  to  the  magnificent  '  Monograph  of  the 
Gymnoblastic  Hydroids/  by  Professor  Allman  (Ray  Society).  The  student 
should  also  consult  the  excellent  'History  of  British  Hydroid  Zoophytes,' 
by  the  Rev.  Thomas  Hincks. 

t  If  the  Protohydra  of  Greeif  be  a  mature  form,  it  also  belongs  to  this 
order.  It  differs  from  Hydra  in  having  no  tentacles.  In  Microhydra  both 
tentacles  and  the  basal  disc  are  wanting. 


HYDRIDA. 


133 


at  will,  and  thus  of  changing  its  place.  At  the  opposite  or 
"distal"  extremity  of  the  body  is  placed  the  mouth,  sur- 
rounded by  a  circlet  of  tentacles,  which  arise  a  little  distance 
below  the  margin  of  the  oral  aperture.  The  tentacles  vary  in 
number  from  five  to  twelve  or  more,  and  they  vary  consider- 
ably in  length  in  different  species,  being  much  shorter  than 
the  body  in  the  Hydra  viridis  (fig.  54),  but  being  extremely 
long  and  filamentous  in 
Hydra  oligactis.  They 
are  highly  extensile  and 
contractile,  and  serve 
as  organs  of  prehension, 
being  capable  of  retrac- 
tion till  they  appear  as 
nothing  more  than  so 
many  warts  or  tubercles, 
and  of  being  extended 
to  a  length  which  is  in 
some  species  longer  than 
the  body  itself.  Each 
consists  of  a  prolonga- 
tion of  both  ectoderm 
and  endoderm,  enclos- 
ing a  diverticulum  of 
the  somatic  cavity,  and 
they  are  abundantly  fur- 
nished with  thread-cells. 
The  cylindrical  hydro- 
soma  (fig.  52,  B),  is  ex- 
cavated into  a  single 
large  cavity,  lined  by 
the  endoderm,  and  com- 
municating with  the  ex- 
terior by  the  mouth. 
This — the  "somatic  cav- 
ity""— is  the  sole  diges- 
tive cavity  with  which 
the  Hydra  is  provided,  the  indigestible  portions  of  the  food 
being  rejected  by  the  mouth.  The  ectodermal  cells  give 
off  at  their  inner  ends  branched  filaments  which  form  a 
layer  of  "neuro- muscular"  fibres  internal  to  the  ectoderm. 
In  Hydra  viridis^  also,  the  ectoderm  contains  chlorophyll. 

The  Hydra  possesses  a  most  extraordinary  power  of  resist- 
ing mutilation,  and  of  multiplying  artificially  when  mechani- 
cally divided.     Into  however  many  pieces  a  Hydra  may  be 


Fig.  54.— The  Green  Fresh-water  Polype  {Hydra 
viridi$\  suspended  head-downwards  from  a  piece 
of  a  stem  of  an  aquatic  plant,  enlarged,  a  One  of 
the  tenucles;  b  Testis  or  spermarium,  with  sper- 
matozoa in  its  interior;  c  A  single  laree  ovum, 
protruding  from  the  side  of  the  body ;  a  Dis< 
attachment  ("  hydrorhiza  "). 
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divided,  each  and  all  of  these  will  be  developed  gradually  into 
a  new  and  perfect  polypite.  The  remarkable  experiments  of 
Trembley  upon  this  subject  are  well  known,  and  have  been 
often  repeated,  but  space  will  not  permit  further  notice  of 
them  here.  Reproduction  is  effected  in  the  Hydra  both 
asexually  by  gemmation,  and  sexually — ^the  former  process 
being  followed  in  summer,  and  the  latter  towards  the  com- 
mencement of  winter,  few  individuals  surviving  this  season. 
In  the  first  method  the  Hydra  (fig.  52,  A)  throws  out  one  or 
more  buds,  generally  from  near  its  proximal  extremity.  These 
buds  at  first  consist  simply  of  a  tubular  prolongation  of  the 
ectoderm  and  endoderm,  enclosing  a  csecal  diverticulum  of  the 
body-cavity ;  but  a  mouth  and  tentacles  are  soon  developed, 
when  the  new  being  is  usually  detached  as  a  perfect  indepen- 
dent Hydra,  The  Hydra  thus  produced  throw  out  fresh  buds, 
often  before  they  are  detached  from  the  parent  organism,  and 
in  this  way  reproduction  is  rapidly  carried  on. 

In  the  second  or  sexual  mode  of  reproduction,  ova  and 
spermatozoa  are  produced  in  outward  processes  of  the  body- 
wall  (fig.  54).  The  spermatozoa  are  developed  in  little 
conical  elevations,  which  are  produced  near  the  bases  of  the 
tentacles,  and  the  ova  are  enclosed  in  sacs  of  mu<:h  greater 
size,  situated  nearer  the  fixed  or  proximal  extremity  of  the 
animal.  Ordinarily  there  is  but  one  of  these  sacs,  containing 
a  single  ovum,  but  sometimes  there  are  two.  AVhen  mature, 
the  ovum  is  expelled  through  the  body-wall,  and  is  fecundated 
by  the  spermatozoa,  which  are  simultaneously  liberated.  Th^ 
primitive  body-cavity  of  the  non-ciliated  embryo  is  ultimately 
placed  in  communication  with  the  outer  world  by  the  forma- 
tion of  the  mouth,  which  is  produced  directly  as  an  open- 
ing in  the  walls  of  the  body,  and  not  by  invagination  of  the 
ectoderm. 

Order  II.  Corvnida  (Gymnoblastica^  AUman;  Athecata^ 
Hincks). — The  order  Corynida  comprises  those  Hydrozoa 
whose  hydrosoma  is  fixed  by  a  hydrorhiza,  and  consists  either  of 
a  single  polypite,  or  of  several  united  by  a  coenosarc,  which  usually 
develops  a  firm  outer  layer  or  ^^polyparyJ^  No  ^^  hydrothecce" 
are  present  "  The  reproductive  organs  are  in  the  form  ofgono- 
phores,  which  vary  much  in  structure,  and  arise  from  the  sides  of 
the polypitesyjrom  the  ccenosarc,  orfrom  gonoblastidia  "  (Greene). 

The  hydrosoma  of  the  Corynida  may  consist  of  a  single 
polypite,  as  in  Coryomorpha  and  Vorticlava,  or  it  may  be  com- 
posed of  several  united  by  a  coenosarc,  as  in  Cordylophora 
(fig.  55,  a).  The  order  is  entirely  confined  to  the  sea,  with  the 
single  exception  of  Cordylophora,  which  inhabits  fresh  water. 
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In  Tubularia  and  its  allies  the  organism  is  protected  by  a  well- 
developed  external  chitinous  envelope  or  "polypary";  but  in 
the  other  genera  belonging  to  the  order,  the  polypary  is  either 
radimentary  or   is   entirely  absent.     The  polypary  of  the 


Fig.  55.— Morphology  of  Corynida.  a  Fra^ent  of  Cardylo^kora  lacusirist  slightly 
enlarged ;  b  Fragment  of  the  same  considerably  enlarged,  showing  a  polypite  and 
three  gonophores  in  diflerent  stages  of  growth,  the  largest  containing  ova;  c  Portion 
oiSyncoryne  Sanii'mth.  medusiform  zoOids  budding  from  between  the  tentacles. 

Corynida^  when  present,  is  readily  distinguished  from  that  of 
the  Serhdarida^  by  the  fact  that  in  the  former  it  extends  only 
to  the  bases  of  the  polypites ;  whereas  in  the  latter  it  expands 
to  form  little  cups  for  the  reception  of  the  polypites,  these  cups 
being  called  "  hydrothecae."  Owing  to  the  fact  that  neither 
the  polypites  nor  the  generative  buds  of  the  Corynida  are  en- 
closed in  a  chitinous  investment,  the  name  of  "  Gymnoblastic 
Hydroids  "  is  iipplied  to  them  by  Professor  Allman. 

As  regards  the  reproductive  process  in  the  Corynida,  the 
reproductive  elements  are  developed  in  distinct  buds  or  sacs, 
which  are  external  processes  of  the  body -wall,  and  have 
been  aptly  termed  "  gonophores  "  by  Professor  Allman.  Great 
variations  exist  in  the  form  and  development  of  these  genera- 
tive buds,  and  an  examination  of  these  leads  us  to  some  of 
the  most  singular  phenomena  in  the  entire  animal  kingdom. 
In  some  species  of  HydracHnia  and  Coryne,  the  generative 
buds  or  "gonophores"  exist  in  their  simplest  form — ^namely, 
as  sac-like  protuberances  of  the  endoderm  and  ectoderm, 
enclosing  a  diverticulum  of  the  somatic  cavity.  In  this  form 
they  are  attached  to  the  "  trophosome "  by  a  short  stalk,  and 
they  are  termed  "sporosacs"  (fig.  56).  They  are  exactly  like 
the  buds  which  we  have  already  seen  to  exist  in  the  Hydra, 
with  this  difference,  that  they  are  not  themselves  developed 
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into  fresh  polypitcs,  but  are  simply  receptacles  in  which  the 
essential  elements  of  generation — the  ova  and  spermatozoa 
— are  prepared,  by  the  union  of  which  the  young  Carynid  is 
produced.  The  sporosac  b  almost  invariably  permanently 
attached  to  the  trophosome,  the  only  known  exception  being  in 

Dicoryne^  in  which  the  sporosac, 
previous  to  the  discharge  of  its 
ova,  liberates  itself  from  its  outer 
investment,  and  swims  about 
freely  as  an  independent  ciliated 
},    organism. 

In  Ccrdylophara  (fig.  57,  ^)  a 
further  advance  in  structure  is 
perceptible.  The  gonophore  now 
consists  of  a  closed  sac,  from  the 
roof  of  which  depends  a  hollow 
process  or  peduncle — the  "manu- 
brium"— which  gives  off  a  system 
Fig.  56.— Sporosac  of  A><^n«://«rt«rA/«-  of  tubes  which  Hin  in  the  walls 

iUa  (after  AUman).«  Outer  wall  of  Qf  the   SaC.      For    reaSOUS   which 
the  sac ;  b  Inner  wall  of  the  sac ;  «  Col-       . , ,  "        .  ,  r      ,  ^***'  .  ,  , 

umn  developed  from  the  floor  of  the  Will  be  immediately  cvident,  the 
^ST^.'J".jL5".S'^&x'-'!1t'SS::  gonophore  in  this  case  is  said  to 

tains  a  prolongation  from  the  coeno-   have     a    "  disRUiscd  "     medusoid 
sarcal  canal,  and  the  ova  are  developed     ^        .  tc  i\ 

around  it.  structure  (fig.  57,  ^). 

In  certain  Coryniday  however, 
we  meet  with  a  still  higher  form  of  structure,  the  gono- 
phores  being  now  said  to  be  "medusoid."  In  these  cases 
the  generative  bud  is  primitively  a  simple  sac  —  such  ^ 
the  "sporosac" — ^but  ultimately  develops  itself  into  a  much 


Fig.  57. — Diagrams  of  the  gonophores  of  Hydroioa.  a  Sporosac ;  h  Disguised  medusoid ; 
c  Attached  medusiform  gonophore ;  </  !•  ree  medusifonn  gonophore.  The  cross  shad- 
ing indicates  the  reproductive  organs,  ovaria  or  spermaria.  The  part  completely 
black  indicates  the  cavity  of  the  manubrium  and  the  gonocalycine  canals. 

more  complicated  structure.  The  gonophore  (figs.  53,  C, 
and  58)  is  now  found  to  be  composed  of  a  bell -shaped 
disc,  termed  the  "  gonocalyx,"  which  is  attached  by  its  base 
to  the  parent  organism  (the  trophosome),  and  has  its  cavity 
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turned  outwards.  From  the  roof  of  the  gonocalyx,  like 
the  clapper  of  a  bell,  there  depends  a  peduncle  or  ''man- 
ubrium/' which  contains  a  process  of  the  somatic  cavity, 
and  is  in  reality  a  modified  polypite.  The  manubrium  gives 
out  at  its  fixed' or  proximal  end  four,  six,  or  eight  prolonga- 
tions of  its  cavity,  in  the  form  of  radiating  lateral  tubes  which 
ran  to  the  margin  of  the  bell,  where  they  communicate  with 
one  another  by  means  of  a  single  circular  canal  which  sur- 
rounds the  mouth  of  the  belL  This  system  of  tubes  con- 
stitutes what  is  known  as  the  system  of  the  "  gastro-vascular  " 
or  ''gonocalycine"  canals.  The  gonophore,  thus  constituted, 
may  remain  permanently  attached  to  the  parent  organism,  as 
in  Tubularia  indivisa  (fig.  57,  c)  \  but  in  other  cases  still  fur- 
ther changes  ensue.  In  the  higher  forms  of  development  (fig. 
58)  the  manubrium  acquires  a  mouth  at  its  free  or  distal  ex- 
tremity, and  the  gonocalyx  becomes  detached  from  the  parent. 


Yvg.  58. — Stmcture  of  a  free  medusifbrm  gonophore.  a  Medusoid  (TXawmmuk/uut)  seen 
in  profile,  showing  the  central  polypite,  the  radiating  and  circular  gonocalydne 
canV**,  the  nuuvinal  vesicles  and  tentacles,  and  the  reproductive  organs ;  h  The  same 
viewed  from  helow.    The  dotted  line  indicates  the  margin  of  the  velum. 

The  gonophore  is  now  free,  and  behaves  in  every  respect  as  an 
independent  being.  The  gonocalyx  is  provided  with  marginal 
tentacles,  and  with  an  inward  prolongation  from  its  margin, 
which  partially  closes  the  mouth  of  the  bell,  and  is  termed  the 
"veil"  or  "velum."  By  the  contractions  of  the  gonocalyx, 
which  now  serves  as  a  natatorial  organ,  the  gonophore  is  pro- 
pdled  through  the  water.  The  manubrium,  with  the  shape, 
assumes  the  functions  of  a  polypite,  and  its  cavity  takes  upon 
itself  the  office  of  a  digestive  sac.  Growth  is  rapid,  and  the 
gonophore  may  attain  a  comparatively  gigantic  size,  being  now 
absolutely  identical  with  one  of  those  organisms  which  are 
commonly  called  "jelly-fishes,"  and  are  technically  known  as 
Medusa  (fig.  59).  In  fact,  as  we  shall  afterwards  see,  many 
of  the  so^^ed  gytntiophthalmate  Medusa^  originally  described 
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as  a  distinct  order  of  free-swimming  Hydrozoa,  are  in  truth 
merely  the  liberated  generative  buds,  or  "  medusiform  gono- 
phores,"  of  the  permanently  rooted  Hydroids.    Finally,  the 


Fig.  59.—  Free-swimming  medusiform  gonophore  of  Bongainvillea  superciliaris, 
a  fixed  Hydroid.    £nlarged.    (After  A  Agassiz.) 

essential  generative  elements — the  ova  and  spermatozoa— are 
developed  in  the  walls  of  the  manubrial  sac,  between  its  endo- 
derm  and  ectoderm,  and  embryos  are  produced.  These  em- 
bryos, however,  instead  of  resembling  the  organism  which 
immediately  gave  them  birth,  develop  themselves  into  the 
fixed  Corynid  from  which  the  gonophore  was  produced,  thus 
completing  the  cycle. 

The  swimming-bell  of  the  medusiform  gonophore  is  believed 
to  be  formed  by  a  great  development  of  an  inter-tentacular 
web,  such  as  is  somethnes  present,  in  a  rudimentary  form,  in 
the  nutritive  zooids.  Sometimes  the  medusoid  becomes  quies- 
cent towards  the  close  of  its  existence,  and  .the  swimming-bell 
becomes  reversed  or  atrophied.  Lastly,  in  Clavatella^  the 
sexual  zooid,  though  free  and  locomotive,  is  not  provided  with 
a  swimming-bell,  but  creeps  about  by  means  of  suctorial  discs 
developed  on  branches  of  the  tentacles. 

As  we  have  seen,  the  generative  buds  of  the  Corynida  may 
exist  in  the  following  chief  forms:  i.  As  "sporosacs,"  or 
simple  closed  sacs,  consisting  of  ectoderm  and  endoderm,  with 
a  central  cavity  in  which  ova  and  spermatozoa  are  produced. 
2.  As  "disguised  medusoids,"  in  which  there  is  a  central 
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manubrial  process  and  a  rudimentary  system  of  gonocalycine 
canals;  but  the  gonocalyx  remains  closed.  3.  As  complete 
medusoids,  which  have  a  central  manubrium,  a  complete  sys- 
tem of  gonocalycine  canals,  and  an  open  gonocalyx;  but 
which  never  become  detached.  4.  As  perfect  medusiform 
gonophores  (fig.  59)  which  are  detached,  and  lead  an  inde- 
pendent existence  for  a  time,  until  the  generative  elements  are 
matured.  In  whichever  of  these  forms  the  gonophore  may  be 
present,  the  place  of  its  origin  from  the  trophosome  may  vary 
in  different  species  of  the  order,  i.  They  may  arise  from  the 
sides  of  the  polypites,  as  in  Coryne  and  Stauridia;  2.  They 
may  be  produced  from  the  coenosarc,  as  in  Cordylophora ; 
3.  They  may  be  produced  upon  certain  special  processes, 
which  are  termed  "  gonoblastidia,"  as  in  Hydractinia  and 
Dicoryne,     These  gonoblastidia  (fig.  60,  ^)  are  processes  from 


Tvg.  60.— Diaf^ram  of  sporosacs  supported  upon  a  zonoblastidion  (or  blastostyle).  a 
Chiunoas  investment  (periderm)  of  the  colony ;  ^Ectoderm ;  c  Endoderm ;  /  Poly- 
pite ;  f  Gonoblastidion,  or  columniform  zoOid,  carrying  sporosacs  («  x)  with  ova  in 
their  mterior.    (Altered  from  Allman.) 

the  body-wall  or  coenosarc,  which  closely  resemble  true  poly- 
pites in  form,  but  diflfer  from  them  in  being  usually  devoid  of 
a  mouth,  and  in  having  shorter  tentacles.     They  are,  in  truth, 
atrophied  or  undeveloped  polypites. 
The  gonoblastidia  are  the  "  blastostyles  "  of  Prof.  Allman, 
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and  are  usually  columniform  in  shape.  They  may  carry  spo- 
rosacs,  or  medusoid  gonophores;  and  they  may  be  naked, 
or,  in  other  orders,  they  may  be  protected  within  a  chitinous 
receptacle  or  **gonangium.'! 

As  regards  the  development  of  the  Corynida,  the  embryo  is  very 
generally,  though  not  always,  what  is  known  as  a  **planula,*'  —  that 
is  to  say,  a  solid,  two-layered  locomotive  embryo,  with  the  external 
surface  covered  with  cilia  (fig.  6i).  In  one  form  of  the  Corynida^ 
however,  the  embryo  leaves  the  gono- 
phore  as  a  free  and  locomotive  polvpite, 
and  in  another  it  is  non- ciliated  and 
amoeboid.  The  two  layers  of  cells  which 
compose  the  planula  correspond  with  the 
ectoderm  and  endoderm  of  the  adult  ani- 
mal. In  the  process  of  development,  a 
central  cavity  is  formed  in  the  planula, 
which  corresponds  with  the  "gastro- vas- 
cular "  or  **  ccelenteric  "  space  ofthe  adult, 
and  this  is  placed  in  communication  with 
the  exterior  by  the  formation  by  absorp- 
tion of  a  primitive  mouth -opening  at  one 
pole,  the  embryo  becoming  thus  converted 
into  what  Haeckel  term^  a  *'gastrula." 
By  fixation  of  the  "gastrula"  at  its  hin- 
der extremity  to  some  foreign  object,  and 
by  the  formation  of  tentacles  round  the 
mouth  •  opening  at  the  other  extremity,  a 
hydrafomi  polypite  is  at  once  produced, 
which  (if  not  belonging  to  one  of  the 
simple  forms)  proceeds  to  develop  the 
composite  adult  by  a  process  of  gemma- 
^.     ^      „,      ,     ,    ^  ,  tion.      In    this   process   in   the    Corynida 

'^■S.itrKj/.h'.'^r.SS   ^f^^  •»  Ae  S^larida  and  Cam,^nu. 
andcndodermaTcclUandthccili.   lartda)  the    new  polypites   are  developed 
atedsur&ce.  Gready  magnified,    at   or   near  the  distal  end  of  the  hydro- 
soma,    the    distal    polypites    being    thus 
the  youngest ;  whereas  the  reverse  of  this  obtains  amongst  the  Oceanic 
Hydrozoa, 

The  subject  of  the  reproduction  of  the  Corynida  having 
been  treated  at  some  length,  so  as  to  apply  to  the  remaining 
ffydroida,  we  shall  now  give  a  brief  description  of  the  leading 
types  of  structure  exhibited  by  the  order. 

Eudendrium,  a  genus  of  the  Corynida^  which  is  not  uncommonly  found 
attached  to  submarine  objects,  usually  in  tolerably  deep  water,  may  be 
taken  as  a  good  example  of  the  fixed  and  composite  division  of  the  order. 
The  hydrosoma  consists  of  numerous  polypites,  united  by  a  ccenosarc, 
which  is  more  or  less  branched,  and  is  defended  by  a  homy  tubular  poly- 
pary.  The  pol3rpites  are  borne  at  the  ends  of  the  branches  and  branchlets, 
and  are  not  contained  in  ''hydrothecse,**  the  polypary  ending  abruptly  at 
their  bases.      The  polypites  are  non-retractile,  of  a  reddish  colour,  and 
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provided  with  about  twenty  tentacles,  arranged  round  the  mouth  in  a 
single  row.  Tubularia  (fig.  62)  is  very  simiUr  to  Eudendrium^  but  the 
hjrdrosoma  is  either  undivided  or  is  very  slightly  branched.  The  hydro- 
soma  consists  of  clustered  homy  tubes,  of  a  straw  colour,  and  not  unlike 
straws  to  look  at;  hence  the  common 
name  of  pipe  -  coralline  given  to  this 
zoophyte.  Each  tube  is  filled  with  a 
soft,  semi-fluid,  reddish  coenosarc,  and 
gives  exit  at  its  distal  extremity  to  a 
single  polypite.  The  polypites  are 
bright  red  in  colour,  and  are  not  re- 
tractile within  their  tubes,  the  homy 
polypary  extending  only  to  their  bases. 
The  polypites  are  somewhat  conical  in 
shape,  the  mouth  being  placed  at  the 
apex  of  the  cone,  and  they  are  furnished  / 
with  two  sets  of  tentacles.  One  set^ 
consists  of  numerous  short  tentac)^s 
placed  directly  round  the  mouth  ;ythe 
other  is  composed  of  from  thirty  to 
forty  tentacles  of  much  greater  l«igth, 
arising  from  the  polypite  ab<mt  its 
middle  or  near  the  base.  Near  the 
insertion  of  these  tentacles  th^  genera- 
tive buds  are  produced  at  pooper  sea- 
sons. The  generative  buds  remain  per- 
manently attached,  but  each  is  furnished 
with  a  swimming-bell,  in  which  canals 
are  present.  The  manubrium  is  desti- 
tute of  a  mouth,  and  '*  the  swimming- 
bell  is  converted  into  a  nursery  in  which 
the  embiyo  passes  through  the  later 
stages  of  its  development"  (Hincks). 

Coryomorpha  nutans  may  be  taken  to 
represent  those  Corynida  in  which  there 
is  no  polypary  and  the  hydrosoma  is 
simple.  It  is  about  four  inches  in 
length,  and  is  fixed  by  filamentous 
roots  to  the  sand  at  the  bottom  of  the 
sea.  It  consists  of  a  single  whitish 
polypite,  striped  with  pink,  and  terminating  upwards  in  a  spear-shaped 
head,  round  the  thickest  part  of  which  is  a  circlet  of  from  forty  to  more 
than  one  hundred  long  white  tentacles.  Above  these  comes  a  series  of 
long,  branching  gonoblastidia,  bearing  gonophores,  and  succeeded  by  a 
second  shorter  set  of  tentacles  which  surround  the  mouth.  The  gono- 
phores become  uldmately  detached  as  free-swimming  medusoids. 

Another  remarkable  example  of  the  Corynida  is  HydracHnia  (fig.  63). 
In  this  genus  the  polypites  are  gregarious,  and  the  polypary  forms  a  homy 
crust  which  spreads  over  shells  and  other  foreign  bodies.  The  tentacles  of 
the  nutritive  zooids  form  a  single  sub-alternate  series.  The  generative 
bods  are  produced  upon  imperfect,  non-tentaculate  polypites,  and  are 
mere  sao^haped  protuberances,  enclosing  diverticula  from  the  body-cavity, 
bat  not  detached  from  the  parent  organism.  Besides  the  ordinary  poly- 
pites, the  coenosarc  carries  modifi^  {)olypites  in  the  form  of  long 
spirally-coiled  filaments,  which  have  clusters  of  thread-cells  at  their  free 
extremity. 


Tubularia  ituUvisa^  natural  size. 
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Order  III.  Thecaphora  (=  Caiyptoblastica,  AUman). — 
This  ^order  comprises  Hydrozoa  in  which  the  hydrosoma  is 
fixed ^ and  consists  of  a  more  or  less  plant-like  colony^  composed  of 


Fig.  63.— Group  of  zo5ids  of  Hydractinia  eckinata^  enlarged.     (After  Hincks.) 
a  a  Nutritive  zoOids ;  b  b  Generative  zoOids,  carrying  sacs  filled  with  ova. 

numerous  polypites  united  by  a  coenosarc.  A  firm  outer  layer  or 
^^ periderm^*  is  developed,  which  not  only  invests  the  coenosarc, 
but  is  also  prolonged  into  cup-like  receptacles  {^^ hydrothecce"), 
7vithin  which  the  individual  polypites  are  contained. 

The  Thecaphora  are  all  inhabitants  of  the  sea,  and  may  be 
divided  into  the  two  sub-orders  of  the  Sertularians  and  Cam- 
panularians.  They  resemble  the  Corynida  in  becoming  per- 
manently fixed  after  their  embryonic  condition  by  a  hydrorhiza, 
which  is  developed  from  the  proximal  end  of  the  coenosarc ; 
but  they  differ  in  the  fact  that  the  polypites  are  invariably  pro- 
tected by  "  hydrothecae,"  or  little  cup-like  expansions  of  the 
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polypary  (fig.  64,  C) ;  whilst  the  hydrosoma  is  in  all  cases 
composed  of  more  than  a  single  polypi te.  The  mouth  of  the 
hjdrotheca  is  often  furnished  with  an  operculum  or  valve  for 


Fig.  64. — Sextularida.  A,  Portion  of  the  colony  of  Dipkasia  {Sertuiaria)  tamariscaf  of 
the  natural  size,  showing  hydrothecae  and  female  ovarian  capsules  (gonangia).  B  and 
C,  Portions  of  different  branches  of  the  same,  enlarged :  h  Hydrothecae ;  a  Male 
gooangium ;  /-  Female  gonangium.    (After  Hincks.) 

its  closure.  Owing  to  the  presence  of  "  hydrothecae,"  the  name 
of  "  Calyptoblastic  Hydroids "  has  been  proposed  by  Profes- 
sor Allman  for  the  Sertularians  and  Campanularians.  In  all 
these  forms,  also,  the  generative  buds  are  similarly  enclosed 
in  chitinous  receptacles — the  so-called  "  gonothecae  "  or  "  gon- 
angia."  The  ccenosarc  generally  consists  of  a  main  stem — 
or  "  hydrocaulus  " — with  many  branches ;  and  it  is  so  plant- 
like in  appearance  that  the  common  Thecaphora  are  almost 
always  mistaken  for  sea-weeds  by  visitors  at  the  sea-side.  It 
is  invested  by  a  strong  corneous  or  chitinous  covering,  or 
"periderm." 

Sub -ORDER  I.  Sertularida. — ^The  Sertularians  or  "Sea- 
firs"  are  Thecaphora  in  which  the  hydrothecae  are  sessile,  and 
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placed  on  the  sides  of  the  coenosarc  (fig.  64) ;  while  the  gen- 
erative buds  are  not  detached  from  the  parent-colony  as  free 
Medusoids.  In  the  typical  Sertularians,  the  coenosarc  carries 
a  row  of  hydrothecae  on  its  two  sides ;  but  in  the  Plumularians 
only  a  single  row  of  polypites  is  developed  (fig.  67). 

The  polypites  in  the  Sertularians  are  sessile  or  sub-sessile, 
hydra-form,  and  in  all  essential  respects  identical  with  those  of 
the  Corynida^  though  usually  smaller.  Each  polypite  consists 
of  a  soft,  contractile  and  extensile  body,  which  is  furnished  at 
its  distal  extremity  with  a  mouth  and  a  circlet  of  prehensile 
tentacles,  richly  furnished  with  thread-cells.  The  tentacles 
have  an  indistinctly  alternate  arrangement  The  mouth  is 
simple  or  lobed,  and  is  placed,  in  many  cases,  at  the  extremity 
of  a  more  or  less  prominent  extensile  and  contractile  proboscis. 
The  mouth  opens  into  a  chamber  which  occupies  the  whole 
length  of  the  polypite,  and  is  to  be  regarded  as  the  combined 
body-cavity  and  digestive  sac.  At  its  lower  end  this  chamber 
opens  by  a  constricted  aperture  into  a  tubular  cavity  which  is 
everywhere  excavated  in  the  substance  of  the  coenosarc.     The 


Fig.  65. — Diagrams  of  the  gonothecae,  with  their  con-  Fig.   66.  —  Ovarian  cap- 

tents,  of  the    Sertularians  and  Campanularians.     n  sule  of  Dipkasia  {Ser- 

Chitinous    envelope;    g    Central    gonoblastidion    or  tularia)      opercMiata ^ 

blastostyle;  e  Medusiform  gonophores  carried   upon  Linn,    (after    Hincks). 

the  blastostvle,  each  with  a  central  manubrium  in  Greatly  enlarged, 

the  walls  of  which  the  generative  elements  are  pro- 
duced; t  Sporosacs  cauried  upon  the  blastostyle, 
each  with  a  central  pillar  (spaaix)  round  which  the 
ova  are  developed.    (After  AJlman). 

nutrient  particles  obtained  by  each  polypite  thus  serve  for  the 
support  of  the  whole  colony,  and  are  distributed  throughout 
the  entire  organism.     The  nutritive  fluid  prepared  in  the  in- 
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terior  of  each  polypite  gains  access  through  the  above-men- 
tioned aperture  to  the  cavity  of  the  ccenosarc,  which  by  the 
combined  exertions  of  the  whole  assemblage  of  polypites  thus 
becomes  filled  with  a  granular  nutritive  liquid.  The  coenosar- 
cal  fluid  is  in  constant  movement,  circulating  through  all  parts 
of  the  colony,  and  thus  maintaining  its  vitality,  the  cause  of 
the  movement  being  probably  due  in  part,  at  any  rate,  to  the 
existence  of  vibrating  cilia.  The  generative  buds  (gonophores 
or  ovarian  vesicles)  are  usually  supported  upon  gonoblastidia, 
and  do  not  become  detached  in  the  true  Sertularids.     They 

are  developed  in  chitinous  receptacles  known  as  "  gonothecae  " 
(figs.  65,  66). 
Sometimes  the  **gonangium"  or  "gonotheca"  contains  only 

a  single  gonophore,  but  more 

commonly  it  contains  several, 

which  increase  in  maturity  as 

we  recede  from  the  base  of  the 

gonoblastidion  (or  blastostyle) 

and  approach  its  summit  (fig. 

65,  B).     The  buds  carried  on 

the  sides  of  the  blastostyle  may 

have  the  form  either  of  sporo- 

sacs  or  of  medusoids.     The 

ova  may  be  directly  discharg- 
ed into  the  surrounding  water, 

or  may  be  retained  for  some 

time  in  a  peculiar  receptacle, 

"where  they  undergo  further 

development,  and  which  is  sup- 
ported upon  the  summit  of  the 

gonangium,  and  lies  entirely 

external  to  its  cavity"  (Allman). 
In  Plumularia  and  some  of 

its  allies  there  occur  certain 

peculiar  structures,  to  which 

the  name  of  "  nematophores  " 

has  been   applied.      Each  of 

these  consists  of  a  process  of 

the  ccenosarc,  which  is  invested 

by  the  homy  polypary,  with 

the  exception  of  the  distal  ex- 
tremity, which  remains  open. 

The  nematophores  are  some- 
times fixed,  sometimes  mov- 
able. They  "constitute  cup-Hke  appendages  (fig.  67,  «  «)  formed 

K 


Fig.  67.— Portion  of  a  branchoM«/^«««/ar»« 
anteHHina^  enlarged.  (After  Allman.)  > 
One  of  the  polypites  \  mhh  Nematophores 
emitting  pseudopodial  filaments  of  sarcode ; 
«'  Nematophore  with  its  sarcodic  contents 
quiescent ;  c  Ccenosarc  enclosed  within  the 
polypary. 
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of  chitine,  and  filled  with  protoplasm,  which  has  the  power  of 
emitting  pseudopodia  or  amoeboid  prolongations  of  its  sub- 
stance, and  having  their  cavity  in  communication  with  that  of 
the  common  tube  of  the  hydrocaulus"  (Allman).  Whilst  part 
of  the  sarcode  in  each  nematophore  is  capable  of  being  ex- 
tended in  long  filaments  resembling  the  pseudopodia  of  an 
AmosbOy  another  portion  is  charged  with  large  thread-cells,  and 
is  not  capable  of  emission  in  this  way.  The  function  of  these 
extraordinarily  modified  zooids  is  uncertain. 


Fig.  68.— Portion  of  the  colony  of  Chtia  {Campanularia    Johnstoui^  magnified. 
>  Nutritive  roOid  ;  g  Capsules  in  wnich  the  reproductive  zoOids  are  produced. 

Sub-order  II.  Campanularida. — The  members  of  this  order 
are  closely  allied  to  the  Sertularida ;  so  closely,  indeed,  that 
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they  are  very  often  united  together  into  a  single  group.  The 
chief  difference  consists  in  the  fact  that  the  hydrothecae  of  the 
Campanularida^  with  their  contained  polypites,  are  supported 
upon  conspicuous  stalks,  thus  being  terminal  in  position  (fig. 
68) ;  whilst  in  the  Sertularida  they  are  sessile  or  subsessile, 
and  are  placed  laterally  upon  the  branchlets.  The  gonophores 
also  in  the  Campanularida  are  usually  detached  as  free-swim- 
ming medusoids,  whereas  they  re- 
main permanently  attached  in  the 
Seriularians,  Each  medusoid  con- 
sists of  a  little  transparent  glassy  bell, 
from  the  under  surface  of  which  there 
is  suspended  a  modified  polypite,  in 
the  form  of  a  "manubrium  "  (fig.  69). 
The  whole  organism  swims  gaily 
through  the  water,  propelled  by  the 
contractions  of  the  bell  or  disc 
(gonocalyx) ;  and  no  one  would  now 
suspect  that  it  was  in  any  way  related 
to  the  fixed  plant-like  zoophyte  from 
which  it  was  originally  budded  off. 
The  central  polypite  is  furnished  with 
a  mouth  at  its  distal  end,  and  the 
mouth  opens  into  a  digestive  sac. 
From  the  proximal  end  of  this  stom- 
ach proceed  four  radiating  canals 
which  extend  to  the  circumference 
of  the  disc,  where  they  all  open  into 
a  single  circular  vessel  surrounding 
the  mouth  of  the  bell.  From  the 
margins  of  the  disc  hang  also  a  num- 
ber of  delicate  extensile  filaments  or 
tentacles;  and  the  circumference  is 
still  further  adorned  with  a  series  of 
brightly-coloured  spots,  which  are  probably  organs  of  sense. 
The  mouth  of  the  bell  is  partially  dosed  by  a  delicate  trans- 
parent membrane  or  shelf,  the  so-called  "  veil."  Thus  consti- 
tuted, these  beauriful  little  beings  lead  an  independent  and  loco- 
motive existence  for  a  longer  or  shorter  period.  Ultimately, 
the  essential  elements  of  reproduction  are  developed  in  special 
organs,  situated  in  the  course  of  the  radiating  canals  of  the 
disc  The  resulting  embryos  are  ciliated  and  free-swimming, 
but  ultimately  fix  themselves,  and  develop  into  the  plant-like 
colony  fi-om  which  fresh  medusoids  may  be  budded  off.  The 
ova  in  the  medusiform  gonophores  are  usually  developed  in 


Fig.  69. — Free  medusiform  gono- 
Ta\\ore  oi  Clytia  yohnxtoftiJ^aSttx 
HincksX  <>  Central  polypite  or 
manubrium ;  b  b  Radiatinj^  gas- 
tro-vascular  canals;  c  Circular 
canal;  m  Marginal  bodies;  / 
Tentacles. 
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the  course  of  the  gonocalycine  canals,  and  not  between  the 
ectoderm  and  endoderm  of  the  manubrium,  as  is  the  case  in 
the  Corynida.  Examples  of  the  order  are  Campanulariaj 
Obelia^  Laomedea,  &c. 

Order  IV.  THECOMEDUSiE. — Professor  Allman  has  recently 
described,  under  the  name  of  Stephanoscyphus  mirabilis,  a,  very 
remarkable  Hydrozoon,  which  he  believes  to  form  the  type  of  a 
new  order.  This  singular  organism  is  invariably  associated  with 
a  species  of  sponge,  in  the  substance  of  which  it  is  embedded. 
It  consists  of  a  congeries  of  chitinous  tubes,  which  permeate 
the  sponge-substance,  and  which  open  on  its  surface  by  large 
openings  resembling  oscula.  At  their  bases  the  tubes  are 
connected  by  horizontal  branches,  and  they  expand  widely 
as  they  approach  the  surface,  where  their  contents  become 
developed  into  a  remarkable  body,  which  has  the  power  of 
extending  itself  beyond  the  mouth  of  the  tube,  and  again  of 
withdrawing  within  it.  This  body  is  furnished  with  a  crown 
of  tentacles,  and  is  essentially  nudusiform  in  its  structure. 
There  is  a  circular  canal  at  the  base  of  the  tentacular  crown, 
surrounding  the  central  opening,  with  four  radiating  canals 
proceeding  backwards  from  this ;  but  no  lithocysts,  ocelli,  nor 
velum  have  been  detected.  For  this  curious  organism,  Pro- 
fessor Allman  proposes  the  formation  of  a  new  order  under  the 
name  of  Thecomedusa, 

Order  V.  TRACHVMEDUSiE  {Acalepha^  in  part). — The  organ- 
isms included  in  this  order  are  free-swimming  medusiform  ani- 
mals, in  which  the  body  is  composed  of  a  single  swimming-bell 
("  nectocalyx  "),  from  the  roof  of  which  is  suspended  a  single  poly- 
pite,  A  system  of  gastro-vascular  canals  {four,  six,  or  eight  in 
number)  is  developed  in  the  walls  of  the  swimming-bell;  and  the 
reproductive  organs  are  developed  in  the  course  of  the  radiating 
canals.  The  swimming-bell  is  firm  or  semi-cartilaginous  in  con- 
sistence, and  the  tentacles  are  stiff  and  solid. 

The  Trachymedusce  form  a  peculiar  group  of  the  organisms 
commonly  known  as  "  Jelly-fishes,"  and  present  the  closest  re- 
semblance in  general  appearance  to  the  free-swimming  medusi- 
form gonophores  of  the  fixed  Hydroid  Zoophytes.  The  body 
consists  of  a  single,  gelatinous,  bell-shaped  swimming-bell  ("nec- 
tocalyx "),  the  substance  of  which  is  usually  strengthened  by 
cartilaginous  ridges.  The  open  mouth  of  the  bell  ("  codonos- 
toma  ")  is  restricted  by  the  development  of  an  in^owing  mem- 
branous shelf  or  "  velum,"  and  from  the  roof  of  the  bell  is 
suspended  a  single  polypite  ("  the  manubrium  ").  The  alimen- 
tary cavity  of  the  polypite  is  prolonged  at  its  upper  end  into 
four,  six,  or  eight  simple  canals,  which  radiate  outwards  to  the 
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margin  of  the  bell,  where  they  are  connected  with  a  circular 
canal  running  round  the  circumference  of  the  nectocalyx  (fig. 
70);  the  whole  constituting  the  system  of  the  **  gastro  -  vas- 
cular" or  "  nectocalycine "  canals.  From  the  margin  of  the 
nectocalyx  depend  marginal  tentacles,  which  are  solid,  and  are 


,:^\ 


Tig.  jo.—Carman'Ha  (jOeryoMt'a)  hastatay  one  of  the  Trachytnedustp^  showing  the 
swimming-bell  with  its  canals,  the  central  polypite,  and  the  marginal  tentacles  and 
sense -oi^gans. 

rigid  or  slightly  movable.  Also  around  the  circumference  of 
the  swimming  -  bell  are  disposed  certain  "marginal  bodies," 
which  are  to  be  regarded  as  organs  of  sense,  and  as  being  of 
the  nature  of  auditory  organs.  These  have  the  form  of  pro- 
jecting filaments,  furnished  at  their  bases  with  a  sac  ^"  otocyst ") 
containing  fluid,  and  having  mineral  particles  in  its  interior. 
These  marginal  auditory  organs  receive  nerve-filaments  from  a 
double  nerve-ring  which  runs  round  the  circumference  of  the 
bell.  The  reproductive  organs  (fig.  71,  (?)  are  placed  in  the 
course  of  the  radiating  nectocalycine  canals.  Lastly,  develop- 
ment in  the  Trachymedusa  is  direct,  the  embryo  becoming 
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converted  into  the  adult  directly,  without  the  intervention  of 
an  intermediate  fixed  and  sexless  stage. 

From  the  above  description,  it  will  be  seen  that  there  exists 


Fig,  71.— TracAjmrma  digiiale^  a  naked-eyed  Medusa,  female,  enlarged.  (After  A. 
Agassiz.)  >  Manubrium  or  central  polypite ;  t  One  of  the  tentacles ;  c  One  of  the 
gsuitro-vaacular  canals ;  o  One  of  the  ovaries. 

a  close  superficial  resemblance  between  the  Trachymedusa  and 
the  firee  raedusiform  gonophores  of  the  Corynida  and  Thecaphora, 
In  both  sets  of  forms  the  organism  consists  of  a  single  swim- 
ming-bell enclosing  a  single  polypite,  and  in  both  the  mouth  of 
the  bell  is  partially  constricted  by  the  development  of  a  shelf- 
like velum.  From  the  presence  of  this  "  veil "  (which  is  want- 
ing in  the  Acraspeda\  the  name  of  "  Craspedote  Medusae  " 
has  been  applied  as  a  common  designation  to  both  these 
groups  of  organisms.  In  both,  again,  the  "  gastro-vascular " 
canals  are  simple  in  structure  and  few  in  number  (four,  six, 
or  eight),  in  which  respect  both  differ  from  the  great  Sea- 
blubbers  {Acraspeda),  In  both,  finally,  there  is  a  double  mar- 
ginal nerve-ring,  and  the  marginal  sense-organs  are  so  situated 
on  the  edge  of  the  swimming-bell  that  they  are  exposed  to 
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view.    Hence  the  name  of  "Naked-eyed  Medusae"  {Gym- 
nophtkaimata)  formerly  given  to  these  organisms. 

On  the  other  hand,  the  Trachymedusa  differ  from  the  free 
medusiform  gonophores  of  the  fixed  Hydroids  in  the  following 
characters: — 

1.  The  nectocalyx  of  the  Tnuhymedusa  is  of  a  firmer  con- 
sistence than  in  the  medusiform  gonophores,  and  is  often 
strengthened  by  cartilaginous  or  epithelial  ridges. 

2.  The  tentacles  of  the  Trachymedusa  are  solid  throughout, 
and  are  either  quite  rigid,  or  are  capable  of  slight  movement. 
The  tentacles  of  the  medusiform  gonophores  are,  on  the  other 
hand,  hollow,  their  cavities  communicating  with  circular  gastro- 
vascular  canal,  and  they  are  therefore  flexible. 

3.  The  "  marginal  bodies  "  of  the  Trachymedusa^  as  already 
seen,  are  auditory  in  function,  and 
consist  of  an  ''otocyst"  furnished 
with  delicate  auditory  hairs,  and  con- 
nected with  projecting  filaments.  On 
the  other  hand,  in  the  medusiform 
gonophores  the  "marginal  bodies" 
are  of  two  kinds,  which  are  usually  not 
associated  with  one  another.  One 
class  of  these  marginal  bodies  (fig. 
72,  C)  comprises  vesicular  structures 
("  lithocysts ")  which  are  placed  on 
the  margin  of  the  swimming-bell,  and 
consist  of  a  sac  filled  with  a  transpar- 
ent fluid  in  which  are  immersed  one  or 
two  apparently  calcareous  concretions 
or  some  minute  crystals.  These  organs 
are  probably  auditory  in  function. 
The  marginal  bodies  of  the  second 
class  (fig.  72,  b)  are  usually  not  de- 
veloped along  with  the  preceding,  and 
have  the  form  of  masses  of  pigment 
enclosed  in  little  cavities  at  the  base 
of  the  tentacles.  These  so-called 
"eye-specks"  or  ** ocelli"  may  or  may 
not  have  in  their  interior  a  refracting 
body  in  addition  to  the  pigment 
They  are  supposed  to  be  rudimentary  organs  of  vision,  and 
their  exposed  position  on  the  edge  of  the  swimming-bell 
gave  rise  to  the  name  of  "  Naked-eyed  Medusae,"  applied 
by  Edward  Forbes  to  the  jelly-fishes  which  possess  these 
structures. 


Fig.  72. — Mamn  of  the  swim- 
ming-bell of  the  medusiform 
gonophore  of  Podocorvne^ 
ereatly  magnified.  (Af^er 
Hincks.)  a  Circular  canal ;  b 
Ocellus;  C,  Auditory  sac  or 
lithocyst ;  c  Calcareous  concre- 
tion of  lithocyst ;  d  Tentacle. 
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4.  Lastly,  the  Trachytnedusce  develop  themselves  directly, 
the  ovum  giving  rise  to  a  medusa  similar  to  the  parent.  On 
the  other  hand,  the  medusiform  gonophores  produce  ova  which 
are  developed  into  the  sexless  colony  from  which  the  gono- 
phores were  budded  off,  an  "  alternation  of  generations  "  being 
thus  established. 

The  TrachymeduscezxtmhzbiXsjCits  of  the  sea,*  and  comprise 
the  three  families  of  the  Trachytnedttsa^  yEginida^  and  Gerya- 
nidcB,  In  the  ^ginida  the  radiating  gastro-vascular  canals  are 
replaced  by  long  pouch-like  extensions  of  the  gastric  cavity. 


CHAPTER    IX. 

SIPHONOPHORA. 

Sub-class  II.  Siphonophora.  —  The  members  of  this  sub- 
class constitute  the  so-called  "Oceanic  Hydrozoa,*'  and  are 
characterised  by  the  possession  of  a  "/r^^  and  oceanic  hydro- 
soma,  consisting  of  several  polypites  united  by  a  flexible^  contrac- 
tile^ unbranched  or  slightly-branched  cosnosarc,  the  proximal  end 
of  which  is  usually  furnished  with  ^  nectocalyces,  and  is  dilated 
into  a  ^somatocyst*  or  into  a  ^ pneumatophore^  **  (Greene).     ' 

All  the  Siphonophora  are  unattached,  and  permanently  free, 
and  all  are  composite.  They  are  singularly  delicate  organisms, 
mostly  found  at  the  surface  of  tropical  seas,  the  Portuguese 
man-of-war  {Physalia)  being  the  most  familiar  member  of  the 
group.  The  sub-class  is  divided  into  two  orders — viz.,  the 
CalycophoridcR  and  the  PhysopJioridce, 

Order  I.  Calycophorid^. — This  order  includes  those 
Siphonophora  whose  hydrosoma  is  free  and  oceanic^  and  ist>^o- 
pelled  by  **  nectocalyces  "  attached  to  its  proximal  end.  The  hydro- 
soma consists  of  sei>eral  polypites^  united  by  an  unbranched  cceno- 
sarCj  which  is  hig/dy  flexible  and  contractile,  and  never  develops 
a  hard  cuticular  layer.  The  proximal  end  of  the  hydrosoma  is 
modified  into  a  peculiar  cavity  called  the  "  somatocyst, "  The  repro- 
ductive organs  are  in  the  form  of  medusiform  gonophores  produced 
by  budding  from  the  peduncles  of  the  polypites. 

In  all  the  Calycophoridce  the  coenosarc  is  filiform,  cylindrical, 

•  A  little  Mcdusoid  {Limnocodium  S<nverbyi)  has  been  found  in  great 
numbers  in  the  fresh-water  tank  containing  the  Victoria  regia  in  the  Regent's 
Park  Botanic  Garden ;  and  the  structure  of  this  allies  it  closely  to  the 
marine  Trachyrmdusis, 


CALYCOPHORIDiE. 


153 


unbranched,  and  highly  contractile,  this  last  property  being  due 
to  the  presenc^of  abundant  muscular  fibres.  "  The  proximal 
end  of  the  ccenosarc  dilates  a  little,  and  becomes  ciliated  in- 
ternally, forming  a  small  chamber  "  which  communicates  with 
the  nectocalycine  canals.  "  At  its  upper  end  this  chamber  is 
a  little  constricted,  and  so  passes,  by  a  more  or  less  narrowed 
channel,  into  a  variously-shaped  sac,  whose  walls  are  directly 
continuous  with  its  own,  and  which  will  henceforward  be  termed 
the  somaiocyst  (fig.  73,  3  b).     The  endoderm  of  this  sac  is  cili- 


Fig.  ^x. — Morphology  of  the  Oceanic  Hydrozoa.     x.  Diagram  of  the  proximal  extremity 
01  a  Physophorid:  a  Pneumatocyst.      a.  yogtia  pentacoMthay  one  of  the  Calvco- 
'  ~        '    s ;   /  Tentacles.     3.  Diagram  of  a  Caiyco- 

c  Ccenosarc ;   d 


pk^ridet  .•    n  Nectocalyces ;  >  Polypites ,   .  

^korid:   a  ni  Proximal  smd  distal  nectocalyces; 


Hydrophyllium  or  bract ;  e  Medusiform  gonophore  ;y  Polypite.    The  dark  lines  in 
figs<  z  and  3  indicate  the  endoderm,  the  light  line 


ectoderm.     (After  Huxley.) 


Somatocyst 

/Polypite.     

with  the  clear  space  indicates  the 


ated,  and  it  is  generally  so  immensely  vacuolated  as  almost  to 
obliterate  the  internal  cavity,  and  give  the  organ  the  appearance 
of  a  cellular  mass  "  (Huxley).  The  polypites  in  the  Calyco- 
pharidiB  often  show  a  well-marked  division  into  three  portions, 
termed  respectively  the  proximal,  median,  and  distal  divisions. 
Of  these  the  "  proximal "  division  is  somewhat  contracted,  and 
forms  a  species  of  peduncle,  which  often  carries  appendages. 
The  "  median  "  portion  is  the  widest,  and  may  be  termed  the 
"  gastric  division,"  as  in  it  the  process  of  digestion  is  carried 
It  is  usually  separated  from  the  proximal  division  by  a 


on. 


valvular  inflection  of  the  endoderm,  which  is  known  as  the 
"  pyloric  valve."    The  polypites  have  only  one  tentacle  "  de- 
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veloped  near  their  basal  or  proximal  ends,  and  provided  with 
lateral  branches  ending  in  saccular  cavities/^  and  furnished 
with  numerous  thread-cells  (fig.  74,  /).  The  proximal  ends  of 
the  polypites  usually  bear  certain  overlapping  plates  of  a  pro- 


Fig.  74. — Calycophoridse.  A,  Upper  portion  of  the  colony  of  Pray  a  maxima^  of  the 
natural  size :  n  The  proximal  nectocalvces  :  ti  ti  Mouths  of  the  same  ;  c  c  Coeno> 
sarc,  carrying  polypites  (>>)  at  intervals,  along  with  their  swimming-bells  (x  s\  the 
openings  of  these  beine  indicated  by  the  letters  mm;  t  Tentacles.  B,  A  single 
polypite  of  the  same  {,fu  separated  from  the  coniosarc,  and  enlarged,  with  its  swim- 
ming-bell («),  the  opening  of  the  bell  (m),  and  the  tentacles  (/).     (After  Gegenbanr.) 

tective  nature,  which  are  termed  **  hydrophyllia  "  or  "  bracts." 
They  are  composed  of  processes  of  both  ectoderm  and  endo- 
derm  (fig.  73,  3  //),  and  they  always  contain  a  diverticulum 
from  the  somatic  cavity,  which  is  called  a  "  phyllocyst."  The 
Calycophorida  always  possess  swimming-bells,  or  "nectocaly- 
ces,"  by  the  contractions  of  which  the  hydrosoma  is  propelled 
through  the  water  (fig.  73,  2).  The  nectocalyx  in  structure  is 
very  similar  to  the  **  gonocalyx  "  of  a  medusiform  gonophore,  as 
already  described ;  but  the  former  is  devoid  of  the  gastric  or 
genital  sac — the  "  manubrium  " — possessed  by  the  latter.  Each 
nectocalyx  consists  of  a  bell-shaped  cup,  attached  by  its  base 
to  the  hydrosoma,  and  provided  with  a  muscular  lining  in  the 
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interior  of  its  cavity,  or  "  nectosac."  There  is  also  always  a 
"  velum "  or  "  veil,"  in  the  form  of  a  membrane  attached  to 
the  mouth  of  the  nectosac  rowid  its  entire  margin,  and  leaving 
a  central  aperture.  The  peduncle  by  which  the  nectocalyx  is 
attached  to  the  hydrosoma  conveys  a  canal  from  the  somatic 
cavity  which  dilates  into  a  ciliated  chamber,  and  gives  off  at 
least  four  radiating  canals,  which  proceed  to  the  circumference 
of  the  bell,  where  they  are  united  by  a  circular  vessel ;  the 
entire  system  constituting  what  is  known  as  the  system  of  the 
'*  nectocalycine  canals."  In  the  typical  Calycopharida  two 
nectocalyces  only  are  present,  but  in  some  genera  there  are 
more.  In  Praya  the  two  nectocalyces  are  so  apposed  to  one 
another  that  a  sort  of  canal  is  formed  by  the  union  of  two 
grooves,  one  of  which  exists  on  the  side  of  each  nectocalyx. 
This  chamber,  which  is  present  in  a  more  or  less  complete 
forai  in  all  the  genera,  is  termed  the  '^  hydroecium,"  and  the 
coenosarc  can  be  retracted  within  it  for  protection. 

The  reproductive  bcxlies  in  the  Calycophorida  are  in  the  form  of  medusi- 
fonn  gonophores,  which  are  budded  from  the  peduncles  of  the  polypites, 
becoming,  in  many  instances,  detached  to  lead  an  independent  existence. 
In  some  CcUycopkirida,  as  in  Abyla^  **  each  segment  of  the  ccenosarc,  pro- 
vided with  a  polypite,  its  tentacle,  reproductive  organ,  and  hydrophyllium, 
as  it  acquires  a  certain  size,  becomes  detached,  and  leads  an  independent 
life— the  calyx  of  its  reproductive  organ  serving  it  as  a  propulsive  apparatus. 
In  this  condition  it  may  acquire  two  or  three  times  the  dimensions  it  had 
when  attached,  and  some  of  its  parts  may  become  wonderfully  altered  in 
form  "  (Huxley).  To  these  detached  reproductive  portions  of  adult  Cafy- 
cophortd^g  the  term  "  Diphyozooids  "  has  been  applied. 

As  regards  the  development  of  the  Calycophorida,  ''not  only  the  new 
polypites,  but  the  new  nectocalyces  and  reproductive  organs,  and  even  the 
branches  of  the  tentacles,  are  developed  on  the  proximal  side  of  the  old 
ones;  so  that  the  distal  appendages  are  the  oldest  "  (Huxley).  The  pro- 
cess of  development  is  therefore  the  reverse  of  what  obtains  amongst  the 
Hydroida. 

Diphyes  (fig.  75),  which  may  be  taken  as  the  type  of  the 
Calycophorida^  consists  of  a  delicate  filiform  coenosarc,  pro- 
vided proximally  with  two  large  mitre -shaped  nectocalyces 
{v  z/),  of  which  one  lies  entirely  on  the  distal  side  of  the  other. 
The  pointed  apex  of  the  distal  nectocalyx  is  received  into  a 
special  cavity  in  the  proximal  nectocalyx.  The  "  hydroecium  " 
Qt)  is  formed  partially  by  this  chamber  in  the  nectocalyx,  and 
partially  by  an  arched  groove  prolonged  upon  the  inner  surface 
of  the  distal  nectocalyx,  within  which  the  coenosarc  moves 
freely  up  and  down,  and  can  be  entirely  retracted  if  necessary. 
The  upper  part  of  the  coenosarc  dilates  into  a  small  ciliated 
cavity,  from  which  are  given  off  two  tubes,  which  proceed  re- 
spectively to  the  distal  and  proximal  nectocalyces,  where  they 
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open  into  the  central  chamber  from  which  the  nectocaly- 
cine  canals  take  their  rise.  The  upper  portion  of  this  small 
ciliated  cavity  is  prolonged  proximally  into  the  larger  chamber 
of  the  "  somatocyst."  The  coenosarc  (c) 
bears  polypites,  each  of  which  is  protected 
by  a  delicate  glassy  "  hydrophy Ilium." 

Order  II.  PHYSOPHORiDiE.— This  sec- 
ond order  of  the  Oceanic  Hydrozoa  com- 
prises those  Siphonophora  in  which  the  hy- 
drosoma  consists  of  several  polypites  united 
by  a  flexible^  contractile^  unbranched  or  very 
slightly  branched  coenosarc^  the  proximal  ex- 
tremity of  which  is  modified  into  a  ^^ pneuma- 
tophore^^  and  is  sometimes  provided  with 
**  nectocalyces,^*  The  polypites  have  either  a 
single  basal  tentacle^  or  the  tentacles  arise 
directly  from  the  ccenosarc,  "  Hydrophyllia  " 
are  commonly  present.  The  reproductive  bodies 
are  developed  upon  gonoblastidia. 

The  coenosarc  in  the  Physophoridoe^  like 
that  of  the  Calycophoridce^  is  perfectly  flex- 
ible and  contractile;  but  it  is  not  neces- 
sarily elongated,  being  sometimes  spheroidal 
or  discoidal.  The  proximal  end  of  the 
coenosarc  '*  expands  into  a  variously-shaped 
enlargement,  whose  walls  consist  of  both 
ectoderm  and  endoderm,  and  which  en- 
closes a  wide  cavity  in  free  communication 
with  that  of  the  coenosarc,  and,  like  it,  full 
of  the  nutritive  fluid.     From  the  distal  end, 


Fi^.    75.  —  Calycophor- 
idae.  Dipkyes  apptndi' 

aUik* 


cuUUa  (after  Kdlliker). 
V    Proximal    nectoca* 

JifyxrA  HydiiiSrui?!  ^^  apex,  of  this  cavity  depends  a  sac,  vari- 
c  Coenosarc,  carrying  ously  shaped,  but  always  with  tough,  strong, 
'^Ifand  teStS.  "*  and  elastic  walls,  composed  of  a  substance 
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which  is  stated  to  be  similar  to  chitine 
in  composition,  and  more  or  less  completely  filled  with 
air  "  (Huxley).  The  large  proximal  dilatation  of  the  coeno- 
sarc is  termed  the  "  pneumatophore,"  whilst  the  chitinous 
air -sac  which  it  contains  is  termed  the  "  pneumatocyst " 
(fig.  73,  i).  The  pneumatocyst  is  held  in  position  by  the 
reflection  of  the  endoderm  of  the  pneumatophore  over  it,  and 
it  doubtless  acts  as  a  buoy  or  "float."  In  the  Portuguese 
man-of-war  {Physalia)  the  pneumatocyst  communicates  with 
the  exterior  by  means  of  an  aperture  in  the  ectoderm  of  the 
pneumatophore.  In  Velella  and  Porpita  the  pneumatocyst 
communicates  with  the  exterior  by  means  of  several  similar 
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openings  called  '^ stigmata";  and  from  its  distal  surface  de- 
pend numerous  slender  processes  containing  air,  and  known 
as  "pneumatic  filaments.'' 


s; 


Fig.  76.— Physophorids.  A,  Physophora  PkiUpfi:  /  The  pneumatophore  ; 
nectocalyces  ;  h  h  Hydrocvsts  ;  a  a  Polypites ;  /  Tentacles.  B,  Physalia 
C,  yeUUa  siirams.     D,  One  of  the  smaller  polypites  (phyogemmaria)  of  i 


^\  HH  The 
liiapelagica, 
C,  VeUlla  spirttMS.     D,  C^ne  of  the  smaller  pol^ites  (phyogemmaria)  of  the  same, 
showing  ifi)  the  month,  (c)  elevations  studded  with  thread<ells,  and  (m)  medusoid 
httds. 

The  polypites  of  the  Physophorida  resemble  those  of  the 
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Calycopharida  in  shape,  but  the  tentacles  have  a  much  more 
complicated  structure,  and  are  sometimes  many  inches  in 
length,  as  in  Physaiia.  The  "  hydrophyllia  "  have  essentially 
the  same  structure  as  those  of  the  former  order.  There  occur 
also  in  the  Physophoridm  certain  peculiar  bodies,  termed 
"hydrocysts"  or  " feelers "  ("Fiihler "  and  "Taster"  of  the 
Germans).  These  resemble  immature  polypites  in  shape, 
consisting  of  a  prolongation  of  both  ectoderm  and  endoderm, 
usually  with  a  tentacle,  and  containing  a  diverticulum  of  the 
somatic  cavity,  the  distal  extremity  being  closed,  and  furnished 
with  numerous  large  thread-cells.  They  are  looked  upon  as 
"  oi-gans  of  prehension  and  touch,"  and  they  are  in  some  re- 
spects analogous  to  the  "  nematophores  "  of  the  Plumularians. 
As  regards  the  reproductive  organs,  they  are  developed 
upon  special  processes  or  "  gonoblastidia,"  and  they  may  re- 
main permanently  attached,  or  they  may  be  thrown  off  as 
free-swimming  medusoids.  In  many  of  the  Physophoridd  the 
male  and  female  gonophores  differ  from  one  another  in  form 
and  size,  and  they  are  then  termed  respectively  "andro- 
phores"  and  "gynophores."  As  regards  their  development, 
the  Physophorida  obey  the  same  general  law  as  the  Caiyco- 
phorida. 

In  Physophora  (fig.  76,  A)  the  hydrosoma  consists  of  a  filiform  coenosarc, 
which  bears  the  polypites  and  their  appendages,  and  dilates  proximally  into 
a  pneumatophore.  Below  this  point  the  coenosarc  bears  a  double  row  of 
nectocalyces,  which  are  channelled  on  their  inner  faces  to  allow  of  their 
attachment  to  the  ccenosarc.  There  are  no  hydrophyllia,  but  there  is  a 
series  of  "  hydrocysts  "  on  the  proximal  side  of  the  polypites. 

Physaiia^  or  the  Portuguese  man-of-war  (fig.  76,  B)  is  composed  of  a 
large,  bladder-like,  fusiform  ''float"  or  pneumatophore — sometimes  from 
eight  to  nine  inches  in  length — ^upon  the  under  surface  of  which  are  arranged 
a  number  of  polypites,  together  with  highly  contractile  tentacles  of  great 
length,  **hydro<ysts,'*and  reproductive  organs.  Physaiia  ^^  oi  fsommoxi 
occurrence,  floating  at  the  surface  of  tropioQ  seas. 

In  Velella  (fig.  76,  C)  the  hydrosoma  consists  of  a  widely  expanded  pneu- 
matophore of  a  rhoroboidal  shape,  carrying  upon  its  upper  surface  a  dia- 
gonal vertical  crest.  Both  the  horizontal  disc  and  the  vertical  crest  are 
composed  of  a  soft  marginal  *'limb,"  and  a  central  more  consistent  "firm 
part."  '*  To  the  distal  surface  of  the  firm  part  of  the  disc  are  attached  the 
several  appendages,  including — i,  a  single  large  polypite,  nearly  central  in 
position ;  2,  numerous  small  gonoblastidia,  which  resemble  polypites,  and 
are  termed  *  phyogemmaria  ^;  and,  3,  the  reproductive  bodies  to  which 
these  last  give  rise.  The  tentacles  are  attached,  quite  independently  of 
the  polypites,  in  a  single  series  along  the  line  where  the  firm  part  and  limb 
of  the  disc  unite.  There  are  no  hydrocysts,  nectocalyces,  or  nydrophyllia. 
.  .  .  On  all  sides  the  limb  is  traversed  b]r  an  anastomosing  system  of 
canals,  which  are  ciliated,  and  communicate  with  the  cavities  of  the  phyo- 
gemmaria and  large  central  polypite  "  (Greene).  The  VddUt  float  near  the 
surface  of  the  sea,  with  the  vertical  crest  exposed. 
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CHAPTER  X. 
LUCERNARIDA  AND  GRAPTOLITOIDEA. 

LUCERNARIDA. 

Sub-class  III.  Lucernarida  {Scyphomeduscs ;  AccUepha^  in 
part).  —  The  members  of  this  sub-class  may  be  defined  as 
Hydrozoa  in  which  the  base  of  the  hydrosoma  is  developed  into 
disc-shaped  or  cup-like  structure  (the  "  umbrella  "),  in  the  walls 
of  which  the  reproductive  organs  are  produced.  The  edge  of  the 
umbrella  is  lobed^  and  no  ^^veiV^  is  present*  The  sense-organs 
are  placed  on  the  under  side  of  the  disCy  and  are  hidden  from 
vinv, 

A  large  number  of  forms  included  in  the  Lucernarida  were 
described  by  Edward  Forbes  under  the  name  oi  Steganopthal- 
mate  Medusce,  being  in  external  features  in  many  respects 
similar  to  the  Trachymeduscs  and  medusiform  gonophores. 
These  so-called  "  hidden-eyed  "  Medusce  are  familiar  to  every 
one  as  "sea-blubbers"  or  "sea-jellies,"  and  they  occur  in  great 
numbers  in  the  shallow  parts  of  the  sea.  Besides  these  forms, 
we  may  include  in  this  division  the  less  familiar  organisms  of 
which  Lucemaria  itself  is  the  type. 

The  Lucernarida  may  be  divided  into  the  two  principal 
sections  of  the  Calycozoa  and  the  Acraspeda,  of  which  the 
former  includes  only  the  small  group  of  the  Lucemariadce, 

Section  A.   Calycozoa. 

Order  LucERNARiADiE. — In  the  members  of  this  group 
the  body  is  cup-shaped^  and  is  fixed  by  a  proximal  hydrorhiza. 
It  consists  of  a  single  polypite  with  four  gastro-vascular  pouches 
separated  by  as  many  narrow  septa.  The  edge  of  the  umbrella 
carries  short  tentacles^  and  the  reproductive  elements  are  developed 
in  the  primitive  polypite^  within  the  umbrella. 

In  Lucemaria  (fig.  77),  which  may  be  taken  as  the  type  of 
the  order,  the  body  is  campanulate  or  cup-shaped,  and  is 
attached  proximally  at  its  smaller  extremity  by  a  hydrorhiza, 
which,  however,  like  that  of  the  Hydray  is  not  permanently 
fixed.  When  detached,  the  animal  is  able  to  swim  with  toler- 
able rapidity  by  means  of  the  alternate  contraction  and  expan- 
sion of  the  umbrella.     Around  the  margin  of  the  umbrella  are 

*  If  the  Charybdea  are  included  in  this  sub-class,  the  total  absence  of  a 
velum  is  not  a  universal  character,  as  these  forms  possess  a  veil,  into 
which,  however,  the  gastro-vascular  canals  send  branches. 
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tufts  of  short,  solid  tentacular  processes,  and  in  its  centre  is  a 
polypite  with  a  quadrangular  four-lobed  mouth.  The  mouth 
opens  into  a  gasdic  cavity  which  is  prolonged  at  its  four  angles 
into  four  wide  gastro-vascular  pouches, 
between  which  are  four  narrow  [Muti- 
tions.  Each  of  these  septa  carries  on 
each  side  a  band-like  generative  organ, 
so  that  there  are  eight  reproductive 
organs  in  all.  Development  is  direct, 
the  ciliated  embryo  becoming  con- 
verted directly  into  the  adult  without 
the  intervention  of  an  intermediate 
sexless  zooid.  Allied  to  Lucemaria 
are  other  genera  {CardmUa^  I>epas- 
trumy  &c) ;  all  the  known  forms  being 
marine,  and  being  confined  to  northern 
seas. 

Section  B.   Acraspeda  (Discophord), 

This  section  includes  the  most  typ- 
ical members  of  the  Lucemarida^  all 
of  which  are  more  or  less  medusiform, 
though  they  may  pass  through  a  hy- 
draform   stage  in  their  development. 
In  their  adult  condition  they  all  pos- 
r.g-  77.-L««xrnariaite.  z«.  ^css  a  gclatiuous  disc  or  swimming-bell 
cemaria  auricula  attached  — the  "  umbrella " — formed  of  cxcced- 
j^^SiSbSo^  ***"'"****■  ^^'*'  ingly  loose  connective-tissue  saturated 
with   sea -water.      Histologically,   the 
tissue  of  the  umbrella  may  exhibit  no  formed  elements ;  but 
it  commonly  consists  of  a  network  of  fibres,  and  may  con- 
tain  in  addition  branched  or  radiated  nucleated  cells,  the 
processes  of  which  anastomose  with   one  another.      From 
the   under   side    of  the    umbrella  hangs  a  single  polypite 
(greatly  modified  in  the  Rhizosiamatd)  \  and  the  process  of 
development  may  be  direct,  or  may  exhibit  an  "  alternation  of 
generations." 

The  swimming -bell  or  "umbrella"  of  the  Acraspeda  is 
superficially  closely  similar  to  the  nectocalyx  of  one  of  the 
TrachymeduscR  or  of  a  medusiform  gonophore ;  but  it  is  distin- 
guished by  the  following  peculiarities:  i.  The  umbrella  of 
the  Acraspeda  is  not  furnished  with  a  velum,  as  is  the  necto- 
calyx of  the  Medusae.  |^In  the  CharybdecBy  sometimes  included 
here,  a  velum  of  a  peculiar  type  is  present.]  From  the  absence 
of  a  velum,  the  members  of  this  section  are  termed  "  Acras- 
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pedote  Medusae,"  to  distinguish  them  from  the  so-called 
"  Craspedote  Medusae,"  in  which  this  structure  is  developed. 
2.  The  radiating  gastro-vascular  canals  are  never  less  than 
eight  in  number,  and  they  typically  subdivide  in  the  substance 
of  the  umbrella,  so  as  to  give  rise  to  a  network  of  vessels ; 
whereas,  in  the  Craspedote  Medusae,  these  canals  are  never 
more  than  eight,  and  do  not  form  a  network.  3.  The  margin 
of  the  umbrella  is  cut  into  lobes,  and  the  marginal  sense-organs 
are  protected  and  hidden  from  view  by  processes  of  these 
lobes.  Hence  the  name  of  "  Hidden-eyed  "  Medusae  {St^an- 
ophthalmata)  applied  to  these  forms  by  Edward  Forbes,  to  dis- 
tinguish them  from  the  "  naked-eyed  "  or  Craspedote  Medusae. 
4.  In  place  of  the  separate  and  unprotected  auditory  **  vesicles  " 
and  "  ocelli "  of  the  Craspedote  Medusae,  the  marginal  bodies 
of  the  Acraspeda  consist  of  these  bodies  combined  together 
into  single  organs,  which  are  termed  "lithocysts."  5.  The 
nervous  system  has  not  the  form  of  a  double  marginal  nerve- 
cord,  but  of  separated  ganglia  placed  round  the  edge  of  the 
disc,  and  connected  directly  with  the  marginal  bodies.  There 
is  also  a  nervous  plexus  developed  in  the  inferior  portion  of 
the  uiiibrella  ("sub-umbrella").  6.  The  gastric  cavity  is  fur- 
nished on  its  inferior  wall  with  numerous  movable  tentacular 
processes  ("  gastric  filaments  "),  which  appear  to  be  connected 
with  the  process  of  digestion. 

The  Acraspeda  may  be  divided  into  two  sections,  according 
as  they  have  a  polypite  of  the  ordinary  type,  with  a  single 
central  mouth  {Monostomata\  or  have  a  specially  modified 
polypite  \vithout  a  definite  central  mouth  (Rhizostomaia),  In 
the  former  of  these  groups  are  comprised  various  "Sea- 
blubbers"  which  agree  in  their  essential  structural  features, 
but  differ  in  their  mode  of  development.  Thus  in  some  cases 
{Pelagida)  the  ovum  develops  directly  into  a  Steganophthal- 
mate  Medusid,  which  produces  the  reproductive  organs,  so 
that  there  is  no  "  alternation  of  generations."  In  other  cases, 
again,  as  in  Aurelia  and  Cyaneay  there  is  such  an  alternation, 
the  Hidden-eyed  Medusid  being  only  one  stage  of  the  organ- 
ism, and  being  preceded  by  a  sexless  hydraform  stage  (the 
Hydra-tuba). 

Whether  developed  directly  from  a  form  like  itself,  or  pro- 
duced by  fission  from  a  fixed  and  sexless  zooid,  the  Steganoph- 
thalmate  Medusid  is  in  these  monostomatous  forms  similarly 
constructed  (figs.  78  and  80).  It  consists,  namely,  of  a  bell- 
shaped  gelatinous  disc,  the  "umbrella,"  from  the  roof  of  which 
is  suspended  a  large  polypite,  the  lips  of  which  are  extended 
into  fringed  or  lobed  processes  often  of  considerable  length, 
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"  the  folds  of  which  serve  as  temporary  receptacles  for  the  ova 
in  the  earlier  stages  of  their  development."  The  polypite— 
manubrium  or  proboscis — is  hollowed  into  a  digestive  sac, 

which  communicates  with 
a  gastric  cavity  in  the  roof 
of  the  umbrella,  from  which 
arises  a  series  of  radiating 
canals,  the  so-called  "  gas- 
tro  -  vascular  "  or  "  chyl- 
aqueous  canals."  These 
canals,  which  are  never 
less  than  eight  in  number, 
branch  freely  and  anasto- 
mose as  they  pass  towards 
the  periphery  of  the  um- 
brella, while  the  entire 
series  is  connected  by  a 
circular  marginal  canal. 
This,  in  turn,  sends  tu- 
bular processes  into  the 
marginal  tentacles,  >vhich 
are  often  of  great  length. 
Besides  the  tentacles,  the 
margin  of  the  umbrella  is 
furnished  with  a  series  of 
peculiar  bodies,  termed 
"lithocysts,"  each  of  which 
is  protected  by  a  sort  of  process  or  hood  derived  from  the 
ectoderm,  and  consists  essentially  of  a  combined  "vesicle" 
and  "  pigment-spot,"  such  as  have  been  described  as  occurring 
separately  in  the  Craspedote  Medusa,  These  marginal  bodies 
likewise  communicate  with  the  gastro-vascular  canals.  The 
reproductive  organs  are  typically  in  the  form  of  four  folded 
bands  (fig.  80,  r),  which  project  into  as  many  special  cavities 
(the  "  sub-genital  pits  ")  in  the  floor  of  the  great  gastric  cavity. 
Being  usually  of  some  bright  colour,  the  reproductive  organs 
"form  a  conspicuous  cross  shining  through  the  thickness  of 
the  disc"  (Greene). 

Such  an  Acraspedote  Medusa  as  above  described  may  con- 
stitute the  entire  organism  (as  in  Pelagia  and  Chrysaora)^  and 
its  ova  may  be  directly  developed  into  a  body  similar  to  itself. 
More  usually,  there  is  an  alternation  of  generations,  the  ovum 
giving  rise  to  a  fixed  and  sexless  zooid  from  which  the  sexual 
zooid,  or  Medusid,  is  produced  by  fission.  The  following  is 
a  summary  of  the  life-history  of  those  Acraspeda  in  which,  as 


Fig.  ^Z»—Chrysaora  hysoscella^  one  of  the 
Pelagida. 
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in  Aurelioy  the  latter  method  of  development  obtains.  The 
embryo  (fig.  79,  a)  is  a  free-swimming,  oblong,  ciliated  body, 
termed  a  "  planula,"  of  a  very  minute  size,  and  composed  of 


^^% 


Fig.  79.~Developinent  of  AnreUa^  one  of  the  Acraspedote  Medusa,  a  Ciliated  free- 
svimmine  embryo,  or  "  planula " ;  b  Hydra-tuba ;  c  Hydra-tuba  in  which  fission 
Yua  considerably  advanced,  and  the  "  Strobila"  stage  has  been  reached  ;  d  Hydra- 
tuba  in  which  the  fission  has  proceeded  still  further,  and  a  large  number  of  the 
foments  have  been  already  detached  to  lead  an  independent  existence. 

an  outer  and  inner  layer,  enclosing  a  central  cavity.  The 
planula  soon  becomes  pear-shaped,  and  a  depression  is  formed 
at  its  larger  end.  "  Next,  the  narrower  end  attaches  itself  to 
some  submarine  body,  whilst  the  depression  at  the  opposite 
extremity,  becoming  deeper  and  deeper,  at  length  communi- 
cates with  the  interior  cavity.  Thus  a  mouth  is  formed, 
around  which  may  be  seen  four  small  protuberances,  the 
rudiments  of  tentacula.  In  the  interspaces  of  these  four 
new  tentacles  arise;  others  in  quick  succession  make  their 
appearance,  until  a  circlet  of  numerous  filiform  appendages, 
containing  thread-cells,  surrounds  the  distal  margin  of  the 
*  Hydra -tuba*  (^),  as  the  young  organism  at  this  stage  of 
its  career  has  been  termed  by  Sir  J.  G.  Dalyell.  The  mouth, 
in  the  meantime,  from  being  a  mere  quadrilateral  orifice, 
grows  and  lengthens  itself  so  as  to  constitute  a  true  polypite, 
occupying  the  axis  of  the  inverted  umbrella  or  disc,  which 
supports  the  marginal  tentacles.  The  space  between  the 
walls  of  the  polypite  and  umbrella  is  divided  into  longitudinal 
canals,  whose  relations  to  the  rest  of  the  organism,  and, 
indeed,  the  whole  structure  of  Hydra-tuba^  closely  resemble 
what  may  be  seen  in  Lucemaria "  (Greene,  *  Manual  of 
Coelenterata').     The  Hydra -tuba  thus  constitutes  the  fixed 
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"  Luceraaroid,"  or  the  "  trophosome  "  of  one  of  the  Acraspeda, 
In  height  it  is  less  than  half  an  inch,  but  it  possesses  the 
power  of  forming,  by  gemmation,  large  colonies,  which  may 
remain  in  this  condition  for  years,  the  organism  itself  being 
incapable  of  producing  the  essential  elements  of  generation. 
Under  certain  circumstances,  however,  reproductive  zooids  are 
produced  by  the  following  singular  process  (fig.  79).  The 
Hydra-tuba  becomes  elongated,  and  becomes  marked  by  a 
series  of  grooves  or  circular  indentations,  extending  trans- 
versely across  the  body,  from  a  little  below  the  tentacles  to 
a  little  above  the  fixed  extremity.  At  this  stage  the  organism 
was  described  as  new  by  Sars,  under  the  name  " Scyphisioma" 
The  annulations  or  constrictions  go  on  deepening  and  become 
lobed  at  their  margin,  till  the  Scyphisioma  assumes  the  aspect 
of  a  pile  of  saucers,  arranged  one  upon  another  with  their 
concave  surfaces  upwards.  This  stage  was  described  by  Sars 
under  the  name  of  ^^  Strobila"  {c).  The  tentacular  fringe 
which  originally  surrounded  the  margin  of  the  Hydra-ttiba 
now  disappears,  and  a  new  circlet  is  developed  below  the 
annulations,  at  a  point  a  little  above  the  fixed  extremity  of 
the  Strobila  (c),  "  The  disc-like  segments  above  the  tentacles 
gradually  fall  off,  and,  swimming  freely  by  the  contractions  of 
the  lobed  margin  which  each  presents,  they  have  been  described 
by  Eschscholtz  as  true  Medusidtz  under  the  name  of  Ephyra 
{d)"  Each  Ephyra^  however,  soon  shows  its  true  nature  by 
becoming  developed  into  a  free-swimming  reproductive  zooid, 
usually  of  large  size,  with  umbrella,  hooded  lithocysts,  and 
tentacles,  constituting,  in  fact,  a  SteganophtfuUmate  Medusa 
(fig.  80).  The  reproductive  zooid  now  swims  freely  by  the 
contraction  of  its  umbrella,  and  it  eats  voraciously  and  in- 
creases largely  in  size.  The  essential  elements  of  generation 
are  then  developed  in  special  cavities  in  the  umbrella,  and  the 
fertilised  40^  when  liberated,  appear  as  free-swimming,  ciliated 
"planulaej'  which  fix  themselves,  become  Hydra4ub<R^  and 
"Wmmence  again  the  cycle  of  phenomena  which  we  have  above 
described. 

As  regards  the  size  of  these  reproductive  zooids  as  compared 
with  the  organism  by  which  they  are  given  off,  it  may  be  men- 
tioned that  the  umbrella  of  Cyanea  arctica  has  been  found  in 
one  specimen  to  be  seven  feet  in  diameter,  with  tentacles  more 
than  fifty  feet  in  length,  the  fixed  Lucernaroid  from  which  it 
was  produced  not  being  more  than  half  an  inch  in  height 

The  Rhizostomatous  types  of  the  Acraspeda^  as  represented 
by  Rhizostoma  itself  (figs.  81,  82),  pass  through  a  development 
essentially  similar  to  that  seen  in  the  typical  Monostomatous 
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forms.  They  differ  from  the  latter,  however,  in  not  possessing 
tentacles  on  the  margin  of  the  umbrella,  and  in  having  the 
simple  central  polypite  replaced  by  a  composite  dendriform 


Fif.  80. — AureUa  nurita,  seeD  from  the  under  surface,  reduced  in  size  Rafter  Glaus  and 
Sedgwick).  /  One  of  the  four  oral  lobes,  in  the  centre  of  whicn  is  placed  the 
mouth  ;  /  Tentacles  attached  to  the  lobed  margin  of  the  umbrella ;  c  One  of  the 
radial  gastro-vascular  canals:  m  One  of  the  marginal  bodies;  r  Reproductive 
organ ;  go  Opening  of  one  of  the  four  sub-genital  pouches. 


process,  which  projects  far  below  the  umbrella.  This  central 
tree-like  mass  is  divided  into  branches  ("  stomatodendra "), 
which  are  covered  with  club-shaped  tentacles,  interspersed 
with  tufted  suctorial  tubes  furnished  with  terminal  apertures. 
By  Professor  Huxley  these  suctorial  tubes  have  been  regarded 
as  modified  polypites.  There  is  in  reality,  however,  but  a 
single  central  polypite,  the  mouth  of  which  becomes  obliterated 
at  an  early  stage  of  development ;  and  the  apparent  polypites 
of  the  "stomatodendra"  are  really  mouth-like  apertures  formed 
by  the  extraordinarily  complex  manner  in  which  the  oral  lobes 
are  folded,  and  serving  for  the  admission  of  nutritive  particles. 
The  Acraspedote  Medusa  are  wholly  marine ;  and  they  not 
only  attain  a  comparatively  gigantic,  and  sometimes  an  actually 
colossal,  size,  but  they  are  found  in  countless  numbers  in  most 
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oceans.  Usually  they  swim  near  the  surface,  and  show  them- 
selves very  sensitive  to  alterations  of  light  and  temperature. 
In  some  cases,  they  crawl  about  on  the  sea-bottom  in  shallow 


Fig.  8 1.—  Rhizostomata.  Generative  zoOid  oi  Rhizastoma 

(after  Owen),  a  Umbrella;  33**  Stomatodendra,"  covered  Fig.  82.— Generative  zo5id  oS 

Mrith  clavate  tentacles  and  minute  suctorial  tubes  ;   c  c  Rhizostoma  ^ulmo^  reduced 

Anastomosing  network  of  canals.  in  size.    (After  (}osse.) 

water.  Sometimes  they  have  been  seen  to  lie  at  the  bottom, 
with  the  base  of  the  umbrella  turned  downwards  and  the  arms 
directed  upwards,  expanded  like  a  flower.  Often  they  shelter 
various  "commensals"  beneath  their  discs,  especially  fishes 
and  different  forms  of  Crustaceans.  They  are  often  brightly 
coloured,  and  many  of  them  phosphoresce  brilliandy  when 
irritated.  In  spite  of  their  want  of  any  hard  structures,  they, 
like  some  of  the  Craspedote  Medusce,  are  not  ab^lutely  un- 
known as  fossils,  the  impressions  left  by  their  stranded  discs 
on  the  mud  of  the  sea-shore  being  sometimes  found  in  fine- 
grained rocks.  In  this  way,  it  is  known  that  they  date  from 
the  Jurassic  period,  at  any  rate. 


Graptolitoidea. 

Sub-class  IV.  Graptolitoidea  (  =  Rhabdophora,  Allman). 
— The  organisms  included  at  present  under  this  head  are  all 
extinct,  and  they  are  in  many  respects  so  dissimilar,  and  their 
structure  is  so  far  from  being  entirely  understood,  that  it  is 
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doubtful  if  any  definition  can  be  framed  which  will  include  a/i 
the  supposed  members  of  the  family.  The  following  definition, 
however,  will  include  all  the  most  typical  Graptolites  : — 

Hydrosoma  compound,  occasionally  branched,  consisting 
of  numerous  polypites  united  by  a  coenosarc ;  the  latter  being 
enclosed  in  a  strong,  tubular,  chitinous  polypary,  whilst  the 
former  were  protected  by  hydrothecae.  In  the  great  majority 
of  Graptolites  the  hydrosoma  was  certainly  unattached ;  but 
in  some  aberrant  forms — doubtfully  belonging  to  the  sub-class 
— there  is  reason  to  believe  that  the  hydrosoma  was  fixed.  In 
many  cases  the  hydrosoma  was  strengthened  by  a  chitinous 
rod,  the  "solid  axis"  or  "virgula,"  somewhat  analogous  to 
the  chitinous  rod  which  strengthens  the  polyzoary  in  the 
singular  Polyzoon  RhabdopUura,  This  axial  rod  lies  in  a 
groove  on  the  dorsal  side  of  the  polypary  (/>.,  on  the  side 
opposite  to  that  on  which  the  hydrothecse  are  developed),  and 
it  may  be  prolonged  beyond  one  or  both  ends  of  the  colony. 
The  polypary  is  typically  furnished  at  its  proximal  end  with 
a  minute  triangular  or  dagger-shaped  spine  (the  "sicula") 
which  represents  the  embryonic  skeleton. 

Taking  such  a  simple  Graptolite  as  Monograptus  priodon 
(fig.  83)  as  the  t)rpe  of  the  sub-class,  the  hydrosoma  is  found 
to  consist  of  the  "axis"  ("virgula"),  the  coenosarc  ("common 
canal "),  and  the  hydrothecae  ("  cellules  ").  The  entire  poly- 
pary is  corneous  -and  flexible,  and  the  "  axis "  is  a  cylindrical 
fibre  or  rod,  apparently  really  hollow,  which  gives  support  to 
the  colony,  and  is  often  prolonged  beyond  the  distal  end  of 
the  hydrosoma.  The  proximal  end  of  the  hydrosoma  is  also 
provided  with  a  short  triangular  process  (the  "  sicula "),  this 
being  in  reality  the  embryonic  polypary.  Running  parallel 
with  the  axis  is  the  tubular  canal  which  enclosed  the  coenosarc, 
and  from  this  on  one  side  spring  the  little  cups  or  "  hydro- 
thecae," in  which  the  polypites  were  contained. 

The  entire  structure  of  a  simple  Graptolite  is,  therefore,  in 
many  respects  similar  to  what  is  seen  in  the  recent  Sertu- 
larians;  but  the  "axis"  and  "sicula"  are  structures  peculiar 
to  the  present  group.  Moreover,  it  is  certain  that  the  typical 
Graptolites  were  free-floating  organisms,  and  were  not  attached 
by  a  hydrorhiza.  On  the  other  hand,  there  are  certain  forms 
which  have  usually  been  placed  among  the  Graptolites  (e,g.y 
Ptilograptus  and  JDendrograptu5\  in  which  the  polypary  was 
branched  and  possibly  attached  to  foreign  bodies. 

Besides  the  simple  ("  monoprionidian  ")  Graptolites,  with  a  row  of  hydro- 
thecae on  one  side  only  (fig.  83),  there  are  other  ("diprionidian*')  forms, 
with  a  row  of  hydrothecae  on  each  side  (fig.  84),  and  with  the  axis  running 
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through  the  centre  of  the  polypary,  in  the  double  partition  which  separates 
the  two  halves  of  the  hydrosoma.  In  still  other  ("  tetraprionidian  **)  forms, 
there  are  four  rows  of  bydrothecae.  In  certain  genera,  also,  there  is  found 
a  corneous  disc  or  cup  at  the  proximal  end  of  the  polypary,  which  may  be 
compared  with  the  ** float"  or  '*pneumatophore"  of  the  Pkysophorida, 


Fig.  83.— A,  Monograptus  ^- 
odoUf  Bronn.  preserved  in  re- 
lief—  lateral  view,  slightly 
enlarged  ;  B,  Dorsal  view  of 
a  fragment  of  the  same  species 
—considerably  enlarged ;  C, 
Front  view  of  a  fragment  of 
the  same,  showing  the  mouths 
of  the  cellules  —  much  en- 
larged; D,  Transverse  sec- 
tion of  the  same.  All  from 
the  base  of  the  Coniston 
Flags.  .(Original.) 


Fig.SA.— Diprionidian  Graptolites(Orig- 
inalX  A,  A  double*ceIled  Graptolite 
(DijH^rr»ptHs)  with  a  minute  basal 

r'  icC*  sicula  ")  and  two  lateral  spines ; 
Another  form  with  a  long  sicula 
and  two  long  lateral  spines;  C, 
Another  form,  in  which  the  sicula  is 
not  visible. 


As  regards  their  distribution  in  time,  the  typical  Graptolites  are  charac- 
teristic of  the  Ordovician  and  Silurian  rocks.  The  diprionidian  Grapto- 
lites {e.g.,  Diplograptus  and  Climacograptus)  are  especially  characteristic 
of  the  Ordovician  and  of  the  base  of  the  Silurian  formation.  The  common 
''twin"  Graptolites  {Didymograptus)  are  exclusively  confined  to  the  Or- 
dovician formation.  The  fossils  called  Dendrograptus,  Calhgraptus,  Ptilo^ 
grapius,  and  Diciyonema,  though  usually  placed  among  the  ftraptolites. 
are  possibly  referable  to  the  Sertularians.  As  regards  their  mode  of  oc- 
currence, Graptolites  are  usually  found  as  glistening  pyritous  impressions, 
with  a  silvery  lustre  ;  but  they  are  sometimes  found  in  relief. 
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CHAPTER    XI. 
.  HYDROCORALLIN^  AND  STROMA  TOPOROIDE A. 

HyDROCORALLINvE. 

Sub-class  V.  Hydrocorallin«. — ^This  name  has  recently 
been  proposed  by  Professor  Moseley  for  two  groups  of  marine 
animals  which  produce  a  regular  skeleton  of  carbonate  of  lime, 
often  of  large  size,  and  which  have  been  generally  referred  to 
the  Corals  {Actinozoa),  One  of  these  groups  comprises  the 
well-known  Millepora  (fig.  85),  which  is  found  contributing  so 
largely  to  the  formation  of  coral-reefs  in  the  West  Indies  and 
Pacific     The  calcareous  skeleton  ("  coenosteum  ")  of  Millepora 


Fig.  85. — A,  Portion  of  a  mass  of  Millepora  alcicomh^  of  the  natural  size ;  B,  Portion 
of  the  same,  cut  open  vertically  to  show  the  larger  tabulate  tubes  (>/)•  and  the 
spongy  coenosarcal  skeleton  (crX  enlarged  ;  C,  Small  portion  of  the  surface,  enlarged 
to  show  ihe  larger  and  smaller  openings  (/^  and  d)  intiabited  by  the  diflferent  zodids, 
and  the  reticulated  calcareous  tissue  of  the  skeleton  ;  D,  One  of  the  tentacular  poly> 

B'tes,  enlarged,  showing  two  whorls  of  knobbed  tentacles.    (A,  B,  and  C  are  after 
!ilne-Edwards  and  Haime;  D  is  after  Martin  Duncan  and  Major-General  Nelson.) 

is  mostly  in  the  form  of  foliaceous  or  laminar  expansions, 
stony  in  texture,  with  a  smooth  surface  studded  with  minute 
apertures  of  two  sizes,  the  larger  of  these  being  much  the 
fewest  (fig.  85,  C).  The  larger  openings  are  the  mouths  of 
tubes  (fig.  85,  B,//),  which  are  divided  by  transverse  cal- 
careous partitions  into  a  number  of  compartments,  only  the 
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most  superficial  of  these  being  actually  tenanted  by  the  living 
animal.  The  smaller  tubes  are  similarly  septate  or  "tabu- 
late," and  the  general  tissue  of  the  skeleton  (fig.  8$,  C)  is 
composed  of  calcareous  trabeculae  traversed  by  a  series  of. 
ramifying  and  anastomosing  coenosarcal  canals,  which  place 
the  tubes  occupied  by  the  zooids  in  direct  communication. 

From  the  presence  of  transverse  partitions,  or  "  tabulae,"  in 
its  tubes,  MtiUpora  was  generally  placed  amongst  the  so-called 
**  Tabulate  Corals,"  with  the  typical  forms  of  which  it  has  no 
affinity.  Though  its  skeleton  is  abundantly  obtained  in  the 
regions  where  it  occurs,  the  Hving  animal  has  been  rarely  ob- 
served. The  late  Professor  Agassiz  was  the  first  to  examine 
MUlepora  in  its  living  condition,  and  he  was  led  to  the  con- 
clusion that  the  genus  was  unequivocally  referable  to  the 
Hydrozoa.  A  similar  conclusion  has  recently  been  reached 
by  Professor  Moseley,  who  had  the  opportunity  of  examining 
the  living  animal  minutely.  According  to  this  observer,  the 
colony  (fig.  86)  of  MUlepora  consists  of  two  kinds  of  zooids. 


Fig.  86. — Enlarged  view  of  a  portion  of  the  surface  of  a  living  colony  of  MiHe^ora, 
'  _.i  nodosa^  showing  the  expanded  zodids  of  a  single  system  :  a  Central  "gastrozoOid  "  ; 
^  One  of  the  mouthless  "dactylozoOids."    (After  Moseley.) 

The  larger  zooids,  "  gastrozooids,"  inhabit  the  larger  tubes  of 
the  skeleton,  and  possess  from  four  to  six  knobbed  tentacles  ; 
while  the   smaller  zooids,   or  **  dactylozooids,"   inhabit   the 


HYDROCORALLINiE.  17I 

smaller  tubes,  and  are  either  indiscriminately  mixed  with  the 
gastrozooids,  or  surround  these  in  definite  systems  (fig.  S6, 
a  and  b).  The  dactylozooids  have  no  mouth,  and  are  long 
and  slender,  carrying  on  their  sides  numerous  short  clavate 
tentacles.  They  perform  the  functions  of  prehension  for  the 
colony,  and  supply  food  to  the  stomach-bearing  gastrozooids, 
by  which  the  work  of  digestion  and  assimilation  is  carried  on. 
The  nutritive  fluid  elaborated  by  the  latter  is  distributed 
throughout  the  entire  colony  by  means  of  branched  coeno- 
sarcal  canals,  which  ramify  in  every  direction  through  the 
spongy  tissue  of  the  skeleton. 

The  reproductive  process  is  still  unknown  as  regards  the 
MilleporcR  generally ;  but  the  reproductive  elements  are  doubt- 
less matured  in  special  generative  zooids.  Indeed,  Mr  Quelch 
has  recently  discovered  in  the  skeleton  of  one  species  of 
MiUepora  the  special  sac-like  cavities  ("  ampullae  ")  in  which 
the  reproductive  zooids  are  lodged.  The  species  of  MilUpora 
are  abundant  in  the  shallow  seas  of  the  **  coral-reef  region," 
and  especially  so  in  the  Pacific  and  West  Indies.  They  often 
contribute  largely  to  the  growth  of  coral-reefs.  Fossil  forms 
have  been  detected  in  the  Tertiary  rocks. 

Still  more  remarkable  than  the  MiUepora  are  the  singular 
organisms  forming  the  family  of  the  Stylasterida,  which  have 
hitherto  been  regarded  as  Corals,  but  which  have. been  shown 
by  Professor  Moseley  to  belong  to  the  HydrocoralUnce,  The 
skeleton  of  the  Sfylasterida  (fig.  87)  is  calcareous,  more  or 
less  branched,  forming  a  dendroid  or  flabellate  expansion,  and 
exhibiting  upon  the  surface,  or  on  its  sides,  small  rounded 
apertures,  which  are  usually  intersected  marginally  by  radiat- 
ing partitions  or  "  septa,"  and  thus  simulate  the  "  calices  "  of 
an  ordinary  sclerodermic  coral.  In  other  cases,  the  skeleton 
shows  a  series  of  large  apertures,  with  more  numerous  and 
irregularly  distributed  smaller  openings,  the  latter  not  being 
radially  arranged  round  the  former.  In  any  case,  the  skeleton 
is  traversed  in  all  directions  by  a  system  of  branched  and 
anastomosing  canals,  which  are  occupied  in  the  living  condi- 
tion by  prolongations  of  the  coenosarc,  which  also  forms  an 
ectodermal  covering  to  the  skeleton.  The  colony  is  composed 
of  two  different  sets  of  zooids — those  of  the  one  set  ("  gastro- 
zooids ")  provided  with  a  mouth  and  stomach-sac ;  while  the 
others  ("dactylozooids")  are  elongated  and  destitute  of  a 
mouth,  thus  coming  to  represent  tentacles  in  form.  The 
gastrozooids  occupy,  as  in  MiUepora^  the  large  tubes  of  the 
skeleton,  and  the  dactylozooids  are  lodged  in  the  small  tubes. 
Hence,  when  the    dactylozooids   are   arranged  in    definite 
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"  cyclo-systems  "  round  the  gastrozooids,  then  each  of  the  large 
apertures  in  the  skeleton  comes  to  be  surrounded  by  a  circle 
of  smaller  elongated  pores,  which  are  only  separated  laterally 
by  thin  partitions,  and  which  thus  give  rise  to  the  appearance 
of  a  central  "calice"  surrounded  by  radiated  "septa"  (fig. 
87,  B).     The  gastrozooids  are  not  only  larger  than  the  dac- 


Fig.  87.— A,  Portion  of  the  skeleton  of  Stylasier  saMptineuSy  of  the  natural  size;  B, 
Small  portion  of  a  branch  of  the  same,  enlarged,  snowing  the  calices  and  amptilbe. 
Living  in  the  Australian  Seas.    (After  Milne-Edwards  and  Haime.) 

tylozooids,  but  they  have  a  special  layer  of  digestive  cells 
lining  the  body-cavity,  a  structure  which  is  wanting  in  the 
purely  prehensile  dactylozooids.  The  true  Hydrozoal  char- 
acter of  these  extraordinary  organisms  is  conclusively  shown 
by  the  fact  that  the  reproductive  organs  are  situated  outside 
the  bodies  of  the  ordinary  zooids,  being  in  the  form  of  fixed 
sporosacs  developed  within  sac-like  cavities  ("ampullae")  in 
the  skeleton  (fig.  87,  B),  which  at  certain  periods  communi- 
cate with  the  exterior  by  minute  pores. 

The  Stylasterids  are  wholly  marine,  and  are  almost  cosmo- 
politan in  their  distribution,  the  species  ranging  from  the 
neighbourhood  of  the  coast-line  to  great  depths  in  the  ocean. 

Stromatoporoidea. 

Sub-class  VL  Stromatoporoidea. — Under  this  head  are 
included  a  large  number  of  extinct  organisms,  the  skeletons  of 
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which  are  of  common  occurrence  in  the  older  rocks  of  the 
earth's  crust  The  Stromatoporoids  possessed  a  calcareous 
skeleton  ("  coenosteum  "),  the  most  marked  general  feature  of 
which  is  that  it  is  more  or  less  conspicuously  composed  of  con- 
centric calcareous  laminae  (fig.  88).     The  skeleton  was  often 


Fig.  88.— A  Stromatoporoid,  of  the  natural  size,  showine  the  laminated  structure  of  the 
skeleton.    Trenton  Limestone,  Canada. 

of  great  size,  and  the  under  surface  was  often  covered  by 
a  delicate  calcareous  membrane  ("epitheca*'),  the  organism 
being  fixed  to  some  foreign  body  by  a  stalk  of  attachment. 
In  other  cases  the  organism  was  encrusting,  the  entire  lower 
surface  being  attached  to  some  foreign  body ;  while  other  types 
are  branched.  In  the  genus  Stromatopora  itself,  the  skeleton 
is  composed  of  closely  reticulated  calcareous  fibres,  which 
have  a  peculiar  minutely  porous  or  tubulated  structure,  and 
which  admit  of  division  into  a  horizontal  and  a  vertical  series, 
fused  with  one  another.  The  entire  skeleton  is  traversed  by 
minute  irregular  tubes,  which  are  commonly  crossed  by  trans- 
verse partitions  ("  tabulae"),  and  which  open  on  the  surface  by 
small  pores.  These  tubes  undoubtedly  served  for  the  lodg- 
ment of  the  zooids  of  the  colony.  There  is  thus  a  general 
resemblance  in  the  skeleton  of  Stromatopora  to  that  of  Mille- 
pora;  but  the  zooidal  tubes  do  not  exhibit  a  division  into  a 
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series  of  large  tubes  and  one  of  small  tubes ;  while  there  are 
other  differences  as  well  which  need  not  be  discussed  here. 

In  other  types  of  the  Stromatoporoids  (such  as  Actinostroma\ 
the  structure  of  the  skeleton  approaches  more  nearly  to  that 
of  Hydractinia  than  to  that  of  Millepora. 

The  typical  Stromatoporoids  are,  so  far  as  is  certainly  known 
at  present,  confined  to  the  Ordovician,  Silurian,  and  Devonian 
formations,  in  which  they  are  often  so  abundant  as  to  give  rise 
to  extensive  beds  of  limestone.  In  the  Secondary  rocks  occur 
various  fossils,  which  will  possibly  find  a  place  here  when  fiilly 
investigated ;  but  the  group  is  not  known  to  have  any  direct 
representative  in  the  Tertiary  rocks  or  in  modern  seas. 


CHAPTER    XIL 

ACTINOZOA. 

I.  General  Characters  of  the  Actinozoa.  2.  Char- 
acters OF  THE  ZOANTHARIA.  3.  ZOANTHARIA  MaLA- 
CODERMATA.  4.  ZOANTHARIA  SCLEkOBASICA.  5.  ZOAN- 
THARIA  SCLERODERMATA. 

Class  II.  Actinozoa. — The  Actinozoa  are  defined  as  CosUn- 
terata  in  which  the  mouth  opens  into  an  oesophageal  iube^  which 
in  turn  opens  below  into  the  general  cavity  of  the  body  (**  caslenteric 
space,^*)  The  oesophagus  is  separated  from  the  body-wall  by  an 
intervening  ^* perivisceral  space^^  which  is  divided  into  a  series  of 
compartments  by  radiating  vertical  membranous  partitions  or 
^^  mesenteries j^^  to  the  faces  of  which  the  reproductive  organs  are 
attached. 

The  Actinozoa  differ,  therefore,  fundamentally  from  the 
Hydrozoa  in  this,  that  whereas  in  the  latter  the  space  ("  coelen- 
teric"  space)  included  within  the  body-walls  is  simple  and 
undivided,  and  there  is  no  proper  alimentary  tube,  in  the 
former  there  is  a  distinct  oesophagus  (fig.  89,  b)y  and  the 
general  cavity  of  the  body  is  divided  into  radial  compart- 
ments by  vertical  membranous  plates  ("mesenteries"). 
Hence  in  transverse  sections  (if  taken  above  the  level  of  the 
lower  end  of  the  oesophagus)  there  are  seen  two  concentric 
tubes,  one  formed  by  the  oesophagus,  and  the  other  by  the  pari- 
etes  of  the  body  (fig.  90,  A) ;  whereas  the  transverse  section  of 
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a  Hydrozoon  exhibits  but  a  single  tube  formed  by  the  general 
walls  of  the  b^ody. 

Histologically,  the  tissues  of  the  Aciinozoa  are  essentially  the 
same  as  those  of  the  Hydrozoa^  consisting  of  the  two  funda- 
mental layers,  the  "ectoderm"  and  "endoderm."  Between 
these  there  is  developed  an  intermediate  layer  or  "meso- 
derm," composed  essentially  of  connective  tissue.  The  tissues 
of  the  Actinozoa  often  exhibit  a  considerable  amount  of  differ- 
entiation, but  this  subject  has  been  already  sufficiendy  con- 
sidered in  dealing  with  the  Coslenterata  generally  (see  p.  126, 

fig-  50)- 

The  mouth  in  the  Actinozoa  opens  into  a  membranous 
oesophageal  tube,  formed  by  an  infolding  of  the  ectoderm 
and  endoderm,  which  hangs  down  into  the  body-cavity,  and 
terminates  at  some  distance  above  the  proximal  end  of  the 
animal  in  an  aperture  by  which  it  communicates  with  the  gen- 
eral cavity  of  the  body  (fig.  89,  b).     Though  often  spoken  of 


Fig.  89.— A.  Actima  mesembryanthemum^  one  of  the  Sea-anemones  (after  Johnston) ; 
B.  Section  of  the  same,  showing  the  mouth  (a),  the  oesophagus  {p\  the  body-cavity 
(rX  and  one  of  the  mesenteries  (m). 

as  the  "  stomach,"  it  does  not  appear  that  the  oesophageal  tube 
has  any  special  digestive  power,  the  function  of  digestion  being 
performed  by  the  general  body-cavity.  There  is  no  proper 
vascular  system,  but  the  fluid  filling  the  body-cavity  contains 
the  products  of  digestion,  and  therefore  corresponds  with  the 
blood,  while  a  circulation  of  this  fluid  is  kept  up  by  the  cili- 
ated surface  of  the  endoderm.  Proper  respiratory  organs  are 
not  developed,  though  some  forms  possess  structures  which 
are  believed  to  have  a  respiratory  function. 
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The  general  space  included  within  the  body-walls  is  sub- 
divided into  radiating  compartments  by  the  so-called  "  mesen- 
teries." Below  the  level  of  the  lower  end  of  the  oesophagus 
the  intermesenteric  compartments  all  open  freely  into  a  com- 
mon space  (fig.  89,  B,  c).  These  compartments  also  commonly 
communicate  with  one  another  by  means  of  perforations  in 
their  bounding  mesenteries  placed  near  the  point  where  the 
latter  join  the  upper  end  of  the  oesophagus. 

The  nervous  system  is  typically  in  the  form  of  a  layer  of 
detached  ganglionic  cells  and  diffused  fibres  placed  beneath  the 
ectoderm  (fig.  50,  B),  similar  nervous  elements  being  also 
developed  more  sparingly  at  the  base  of  the  endodermal 
layer.  The  pigment-masses  which  are  found  at  the  bases  of 
tentacles  in  some  Actinia  are  possibly  rudimentary  organs  of 
vision. 

The  reproductive  organs  are  always  internal,  and  are  never 
in  the  form  of  external  processes  as  in  the  Hydrozoa,  They 
have  the  fonn  of  band-like  ovaria  or  testes  attached  to  the 
faces  of  the  mesenteries.  Sexual  reproduction  occurs  in  all 
the  members  of  the  class,  but  in  many  forms  gemmation  or 
fission  constitutes  an  equally  common  mode  of  increase. 
Some  Actinozoay  therefore,  such  as  the  common  Sea-anemones, 
are  simple  organisms ;  whilst  others,  such  as  the  reef-building 
corals,  are  composite,  the  act  of  gemmation  or  fission  giving 
rise  to  colonies  composed  of  numerous  zooids  united  by  a 
coenosarc.  In  these  cases  the  separate  zooids  are  termed 
"polypes,"  the  term  "polypite"  being  restricted  to  the 
Hydrozoa,  In  the  simple  Actinozoa^  however,  the  term 
"  polype  '*  is  employed  to  designate  the  entire  organism.  In 
other  words,  the  **  actinosoma,"  or  entire  body  of  any  Actino- 
zoon^  may  be  composed  of  a  single  "  polype,"  or  of  several 
such,  produced  by  a  process  of  continuous  gemmation  or 
fission,  and  united  by  a  common  connecting  structure,  or 
coenosarc  In  certain  cases  {Fungia)  there  is  a  kind  of 
alternation  of  generations. 

Most  of  the  Actinozoa  are  permanently  fixed ;  some,  like  the 
Sea-anemones,  possess  a  small  amount  of  locomotive  power ; 
and  one  order,  the  Ctenophoray  is  composed  of  highly  active, 
free-swimming  organisms.  Some  of  the  Actinozoa  are  un- 
provided with  any  hard  structure  or  support,  as  in  the  Sea- 
anemones  and  in  all  the  Ctenophora ;  but  a  large  number 
secrete  a  calcareous  or  horny,  or  partially  calcareous  and 
partially  homy,  framework  or  skeleton,  which  is  termed  the 
"coral,"  or  "corallum." 

The  Actinozoa  are  divided  into  four  orders — viz.,  the  Zo- 
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antharia^  the  Akyonarioy  the  Rugosa,  and  the  Oenophora; 
but  the  last  is  sometimes  regarded  as  a  distinct  class,  and  the 
Rugosa  are  doubtfully  separable  as  an  order  from  the  Zo- 
antharia. 

Order  I.  Zoantharia. — ^The  Zoaniharia,  HexacoraUa^  or 
"  Helianthoid  Polypes,"  are  defined  by  the  disposition  of  their 
soft  parts  {typically)  in  multiples  ofsix^  and  by  the  possession  of 
simpUy  usually  numerous^  tentacles.  There  may  be  no  corallum, 
or  rarely  a  "  sclerobcuic*'  one.  Usually  there  is  a  ^^ sclerodermic'^ 
corallum^  in  which  the  septa  in  each  corallite^  like  the  mesenteries^ 
are  arranged  in  multiples  of  six. 

The  above  characters,  though  distinctive  of  the  Zoantharia 
as  an  order,  are  not  capable  of  universal  application,  since  the 
disposition  of  the  mesenteries  in  sixes  cannot  be  always  re- 
cognised, and  the  tentacles  are  in  rare  instances  fringed  with 
lateral  processes  ("pinnate"). 

The  Zoantharia  are  divided  into  three  sub-orders — the  Zoan- 
tharia  malacodermata^  the  Z  sclerobasica^  and  the  Z.  scleroder- 
mata;  according  as  the  corallum  is  entirely  absent  or  very 
rudimentary,  is  " sclerobasic,"  or  is  "sclerodermic" 

Sub-order  I.  Zoantharia  Malacodermata. — In  this  sec- 
tion of  the  Zoantharia  there  is  either  no  corallum  or  a  pseudo- 
corallum  in  the  form  of  adventitious  spicules  scattered  through 
the  soft  parts.  The  "  actinosoma  "  is  usually  composed  of  but 
a  single  polype.  (The  term  "actinosoma"  is  a  very  con- 
venient one  to  express  in  the  Actinozoa  what  "  hydrosoma " 
expresses  in  the  Hydrozoa  —  namely,  the  entire  organism, 
whether  simple  or  compound.) 

This  section  has  been  divided  into  many  groups,  of  which 
only  the  ordinary  Sea-anemones  {Hexactinice)  can  receive  any 
detailed  consideration  here. 

The  body  of  a  Sea-anemone  (fig.  89,  A)  is  a  truncated  cone, 
or  a  short  cylinder,  termed  the  "  column,"  and  is  of  a  soft, 
leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  "base"  (or  "pedal  disc")  and  the 
"(wal  disc,"  the  former  constituting  the  sucker,  whereby  the 
animal  attaches  itself  at  will,  whilst  the  mouth  is  situated  in 
the  centre  of  the  latter.  Most  Sea-anemones  fa,  themselves 
by  the  base  to  some  foreign  object — a  stone  or  a  living  animal 
—but  others  {Peachia  and  Edwardsia)  bury  themselves  more 
or  less  completely  in  the  sand.  In  a  few  cases  {Cerianthus 
and  Peachia)  the  centre  of  the  base  is  perforated,  but  the 
object  of  this  arrangement  is  unknown.  Some  forms,  again 
{Minyas,  Nauiactis^  Oceanactisy  &c.),  are  oceanic  in  their  habit 
lictwecn  the  mouth  and  the  circumference  of  the  disc  b  a  flat 
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space,  without  appendages  of  any  kind  (or,  rarely,  with  a  cir- 
clet of  secondary  tentacles),  termed  the  "  peristomial  space." 
Round  the  circumference  of  the  disc  are  placed  numerous 
tentacles,  usually  retractile,  arranged  in  alternating  rows. 
The  tentacles  are  tubular  prolongations  of  the  ectoderm  and 
endoderm,  containing  diverticula  from  the  somatic  chambers, 
and  often  having  apertures  at  their  free  extremities.  The 
mouth  leads  directly  into  the  oesophagus,  which  is  a  wide 
membranous  tube,  opening  by  a  large  aperture  into  the 
general  body-cavity  below,  and  extending  about  half-way 
between  the  mouth  and  the  base.  The  mouth  is  typically  a 
longitudinal  fissure,  the  direction  of  which  is  constant,  thus 
giving  a  middle  line  to  the  radiated  body.  The  oesophagus 
(fig.  90,  A,  s)  conforms  in  shape  with  the  mouth,  being  long- 


Fig.  90. — A,  Transverse  section  of  a  Sea-anemone  (AdamstaY  slightly  altered  from 
O.  and  R.  Hertwig :  tc  The  ectoderm  (cross-shaded);  /  The  mesodermal  layer  of 
connective-tissue  (shaded  dark) ;  en  The  endoderm  (unshaded) ;  im  Cross-section  of 
one  of  the  longitudinal  septal  muscles ;  s  CEsophagus.  The  numerals  indicate  the 
order  of  development  of  the  six  principal  pairs  of  septa»  the  third  and  fourth  pairs 
being  the  so-called  "  directive  septa."    B,  A  segment  of  the  bodjr  of  a  Sea-anemone 

g'tmuy,  traversing  the  column  from  the  base  to  the  disc  (after  R.  Hertwig):  6 
isc;  /Tentacles;  d?  CEsophagus  haiu^ing  down  into  the  body-cavity;  rr  Reprc 
ductive  oreans  attached  to  the  faces  or  the  mesenteries ;  c  One  of  the  "craspeda"; 
a  One  of  tne  "  acontia  " ;  me  Mesenteries. 

oval,  and  usually  having  a  deep  longitudinal  groove  at  the 
ends  corresponding  with  the  long  axis  of  the  mouth-opening. 
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The  wide  space  between  the  oesophagus  and  the  body-wall 
is  subdivided  into  a  number  of  compartments  by  radiating 
vertical  lamellae,  which  are  formed  of  connective-tissue  covered 
on  each  side  with  endoderm  (fig.  90,  A),  and  which  are  termed 
the  "  mesenteries  "  or  "  septa."  All  the  mesenteries  spring  along 
their  outer  sides  for  their  whole  length  from  the  body-wall,  and 
a  certain  number  of  them  are  continued  across  the  whole  peri- 
visceral space,  and  are  attached  to  the  sides  of  the  oesophagus. 
Besides  these  complete  mesenteries,  there  are  others  (fig.  90, 
B,  me)  which  do  not  reach  so  far  as  the  outer  surface  of  the 
oesophagus.  As  the  oesophagus  is  considerably  shorter  than 
the  column,  it  follows  that  the  inner  edges  of  even  the  longest 
mesenteries  are  free  below  the  lower  end  of  the  gullet ;  and 
these  free  edges,  curving  at  first  outwards  and  then  downwards 
and  inwards,  are  ultimately  attached  to  the  centre  of  the  base. 

The  mesenteries  have  attached  to  their  faces  the  reproduc- 
tive organs  {fig.  90,  B,  r),  in  the  form  of  band-like  ovaries  and 
testes.  The  same  individual  may  have  these  organs  combined; 
but  more  commonly  the  sexes  are  distinct  Below  the  stomach 
the  free  edges  of  the  mesenteries  are  thickened,  and  constitute 
convoluted  and  puckered  cords — the  so-called  *'  craspeda,"  or 
"  mesenteric  filaments  "  (fig.  90,  B,  ^r),  which  have  a  glandular 
structure,  and  are  concerned  in  digestion.  Attached  also  to 
the  free  edges  of  the  mesenteries  are  sometimes  long  thread- 
like filaments,  which  contain  many 
thread -cells,  and  are  termed  "ac- 
ontia"  (fig.  90,  B,  a).  When  at 
rest,  the  acontia  lie  coiled  in  the 
space  below  the  gullet,  but  they  can 
be  protruded  from  the  mouth,  or 
can  sometimes  be  shot  forth  from 
minute  apertiures  ("  cinclides ")  in 
the  body-wall. 

The  embryo  of  the  Actinia  (fig. 

91)     is     a    free  -  swimming     ciliated    Fig.    91.— Embryo   of  a  Sca-an- 

body,  at  first  rounded,   but  after-     r^l^^ithlS^XtS:^^; 

wards  somewhat  ovate.  The  rU-  septa  have  been  developed  (after 
J.  ^  ^1.     •  1     J        Lacaze-Duthiera).      The  numer- 

dimentary    mouth    is    soon    marked       als  indicate  the  order  in  which 

oat  by  a  depression  at  the  larger  ^^  ^^  °**^  ^*^  *P" 
extremity;  thread-cells  appear  as  a 

layer  in  the  ectoderm  ;  a  fold  is  prolonged  inwards  from  the 
mouth  to  form  the  oesophageal  tube ;  and  the  primitive  ten- 
tacles are  at  first  two  in  number,  but  are  rapidly  increased  to  six. 

As  rmrds  the  structure,  arrangement,  and  development  of  the  mesen- 
teries of  the  AcHtdda^  absolute  uniformity  does  not  obtain.    Typically,  each 
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V  mesentery  consists  of  a  plate  of  connective-tissue  (" supporting-lamella") 
\  covered  on  eacb  side  with  endoderm.  On  one  side  each  mesentery  carries  a 
layer  of  transversely-directed  muscular  fibres  ;  while  on  the  opposite  side  of 
exch  is  a  well-defined  longitudinal  "retractor"  muscle,  which  springs  from 
the  base  and  is  inserted  into  the  gullet  or  into  the  oral  disc.  The  mesen- 
teries  are  arranged  in  pairs,  the  corresponding  muscles  being  turned  in 
each  pair  towanis  each  other.  In  all  but  two  pairs  of  mesenteries,  the 
sides  which  are  in  each  pair  turned  to  eadi  otner  are  the  ones  which 
carry  the  longitudinal  muscles  (fig.  90,  A,  im).  In  two  pairs  of  mesenteries, 
which  are  known  as  the  "directive  mesenteries,"  and  which  correspond  in 
position  with  the  extremities  of  the  slit-like  mouth,  the  sides  which  are 
turned  to  each  other  are  those  with  the  transverse  muscles. 

The  mesenteries  of  each  pair  generally  have  a  common  origin,  but  this 
does  not  hold  good  for  the  first  six  pairs  of  mesenteries  that  are  developed. 
These  latter  are  produced  independently  and  at  different  times,  and  are 
termed  by  R.  Hertwig  the  "principal  mesenteries."  The  two  pairs  of 
"directive  mesenteries  belong  to  this  series;  and  in  some  cases  {e.g.,  in 
Sagartia)  it  is  only  these  six  pairs  of  "  principal  mesenteries ''  which  reach 
the  outer  wall  of  the  oesophagus.  The  remaining  mesenteries,  excluding 
the  six  pairs  just  mentioned,  are  termed  by  Hertwig  the  "  secondary  '*  mes- 
enteries, and  these  may  or  may  not  in  part  reach  the  wall  of  the  oesophagus. 
(In  many  works  the  terms  "primary,"  "secondary,"  and  " tertiary  "  have 
been  used  to  express  the  fact  that  the  mesenteries  reached  the  oesophagus, 
or  to  indicate  their  comparative  width  if  they  fell  short  of  it ;  but  the  dis- 
tinction above  pointed  out  is  one  of  greater  importance.) 

As  regards  the  early  development  of  the  mesenteries,  Lacaze-Duthiers 
has  shown  that  the  first  step  is  the  appearance  of  a  single  pair  of  mesen- 
teries developed  at  right  angles  to  the  oral  fissure,  nearer  one  side  than  the 
other,  so  as  to  divide  the  body-cavity  into  two  unequal  chambers  (fig.  91, 
I,  i).  In  the  larger  of  these  chambers  appear  the  two  next  mesenteries 
(2, 2),  one  on  each  side.  Two  additional  mesenteries  (3,  3)  next  appear  in  the 
smaUer  chamber,  this  making  in  all  six  mesenteries  ;  but  this  condition  is 
evanescent,  and  two  further  septa  (4,  4)  are  developed  on  the  opposite  side 
of  the  first-formed  mesenteries  to  the  third  pair.  At  this  stage,  therefore, 
there  are  eight  mesenteries  in  all  (fig.  91) ;  but  two  further  pairs  of  mesen- 
teries are  produced,  raising  the  number  to  twelve,  and  completing  the  series 
of  the  "principal "  mesenteries.  The  next  twelve  mesenteries  are  developed 
in  pairs  m  the  interspaces  between  the  six  pairs  of  "principal"  mesenteries 
("interseptal  spaces  ),  this  condition  being  shown  in  fig.  90,  A.  No  fresh 
mesenteries  are,  however,  produced  in  the  chambers  ("intraseptal  spaces") 
included  between  the  laminae  which  form  each  pair  of  "  prinapal"  mesen- 
teries. 

In  certain  Sea-anemones  (united  by  Hertwig  into  the  group  of 
the  ParadinUt)  the  number  of  the  mesenteries  is  not  regulated 
by  six,  as  is  typically  the  case,  but  hy  four,  A  similar  tetra- 
merous  arrangement  of  the  mesenteries  obtains  in  the  singular 
genus  Edwardsia  (fig.  92,  A),  in  which  only  eight  mesenteries 
are  present  This  singular  form  has  a  thin  imperforate  base, 
and  lives  buried  to  the  lips  in  mud  or  sand,  the  middle  part 
of  the  body  being  protected  by  an  epidermic  investment. 
Cerianihusy  again,  has  the  mesenteries  unpaired,  and  has  a 
pore  in  the  base.     It  also  lives  buried  in  the  sand,  and  has 
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the  body  protected  by  a  curious  membranous  tube,  with  sand- 
grains  disseminated  in  it.  Another  curious  group  of  the  Sea- 
anemones  is  that  of  the  IlyanthidcR^  which  have  the  base 
rounded  and  non-adherent.  The  type  of  this  group  is  Ilyan- 
thus  itself  (fig.  92,  B),  which,  except  for  the  condition  of  its 


Fig.  9a.— .A,  Edwardsia  caUimorpha;  ^.Ifyantkus  MitcJulli^  of  the  natural  size. 
(After  Gosse.) 

base,  is  allied  to  the  ordinary  Sea-anemones.  Lastly,  in  the 
group  of  the  Zoanthida  the  actinosoma  is  compound,  and 
consists  of  polypes  connected  by  a  fleshy  crust,  or  by  hollow 
creeping  coenosarcal  prolongations.  The  walls  of  the  polypes 
are  usually  strengthened  by  a  membranous  crust,  in  which 
sand-grains  and  other  adventitious  bodies,  or  sometimes  cal- 
careous spicules,  are  embedded.  Examples  of  this  family  are 
Zoanihus  and  Palythoa, 

As  regards  their  distribution  in  space^  the  Zoantharia  malaco- 
dermata  appear  to  have  an  almost  cosmopolitan  range.  Sea- 
anemones  being  found  on  almost  every  coast — some  of  the 
tropical  forms  attaining  a  very  large  size.  Whilst  essentially 
littoral  and  shallow-water  forms,  a  few  of  the  members  of  this 
group  have  been  found  by  the  Challenger  expedition  to  ex- 
tend to  great  depths.  Thus,  as  shown  by  Professor  Moseley, 
Edwardsia  has  been  found  at  800  fathoms,  and  Cerianthus 
at  no  less  than  2750  fathoms;  while  species  oi  Actinia  itself 
go  down  to  over  1000  fathoms.  A  few  forms  also  (such  as 
ArachnactiSy  Nautactis,  Plotactis^  Ouanactis^  and  Minyas)  are 
pelagic  in  habit,  and  live  in  the  open  ocean. 

Sub-order  II.  Zoantharia  sclerobasica. — The  "Black 
Corals  "  or  Antipathida^  which  compose  this  group,  are  always 
campositCy  consisting  of  a  number  of  polypes  united  by  a  thin 
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JUshy  cxnosarCy  which  is  spread  aver  and  supported  by  a  simple 
or  more  commonly  branched  homy  axis  or  ^*scierobase"  The 
tissues  are  not  furnished  with  calcareous  secretions ^  and  the 
polypes  have  in  general  six  simple  tentacles. 

The  corallum  or  skeleton  of  the  Antipathidce  is  of  a  homy 
consistence,  its  form  simple  or  branched  in  a  more  or  less 
complicated  and  plant-like  manner,  and  its  surface  smooth  or 
covered  with  minute  spines.  All  the  Antipathidce  form  colo- 
nies, which  are  rooted  by  the  base  to  some  foreign  object,  and 
which  consist  of  numerous  minute  polypes  united  by  a  fleshy 
coenosarc  (fig.  93).    The  corallum  is  secreted  by  the  coenosarc, 


Fig.  93.— Part  of  the  living  stem  cXAntUatJus  anguina^  of  the  natural  size. 
(After  Dana.) 

and  thus  forms  an  axis  or  stem  which  is  completely  covered 
during  life  by  the  soft  parts  of  the  colony,  just  as  the  trunk  of 
a  tree  is  covered  by  the  bark.  Owing,  further,  to  the  fact  that 
the  skeleton  is  produced  by  the  coenosarc,  the  corallum  is 
wholly  outside  the  polypes,  which  are  themselves  altogether 
destitute  of  a  coherent  skeleton.  Various  other  Actinozoa 
(such  as  the  Gorgonida)  possess,  as  we  shall  see,  a  similar 
axial  skeleton,  secreted  by  the  coenosarc ;  and  all  such  coralla 
are  said  to  be ''  sclerobasic"  The  Antipathidct  are  principally 
inhabitants  of  warm  seas,  but  they  are  found  also  in  the  Arctic 
ocean,  and  some  forms  range  to  great  depths. 

Sub-order  III.  Zoantharia  sclerodermata  or  Madre- 
PORARiA. — The  members  of  this  sub-order  include  the  great 
bulk  of  the  coral-producing  or  **  coralligenous  "  zoophytes  (Mad- 
reporaria)  of  recent  seas.  They  are  defined  by  the  possession 
of  a  corallum  which  is  partially  or  wholly  developed  within  the 
tissues  of  the  polypes  themselves  ("  sclerodermic*^)^  which  does  not 
consist  simply  of  scattered  spicules^  and  in  which  the  parts  are 
very  generally  disposed  in  multiples  of  six.  The  actinosoma  may 
be  simple y  consisting  of  a  single  polype  only^  or  composite^  consist- 
ing of  many  polypes  united  by  a  coenosarc. 

As  regards  the  anatomy  of  their  soft  parts,  the  simple  Zoctn- 
tharia  sclerodermata  may  be  regarded  as  essentially  Sea-anem- 
ones, whilst  the  compound  forms  are  simply  colonies  of  Actini- 
oid  polypes  united  by  a  common  flesh  or  coenosarc.  It  is 
therefore  only  necessary  to  consider  the  nature  of  the  skeleton 
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or  coiallum  of  these  forms,  since  the  leading  peculiarities  of 
the  sub-order  are  to  be  found  in  this. 

If  we  examine  first  a  simple  coral  of  this  group,  we  find  that 
we  have  to  deal  with  an  animal  in  all  important  respects  iden- 
tical with  an  ordinary  Sea-anemone,  but  having  a  more  or  less 
complicated  skeleton  developed  in  its  interior.  The  animal 
possesses  a  base,  a  column,  and  a  disc — the  latter  surrounded 
by  tentacles,  and  perforated  centraUy  by  the  mouth.  The 
mouth  opens  into  an  oesophageal  tube,  connected  with  the 
body-walls  by  mesenteries;  and  the  tentaculate  disc  and 
dependent  gullet  remain  permanently  soft  and  capable  of 
contraction  and  expansion.  Below  the  gullet,  the  soft 
tissues  of  the  polype  are  strengthened  and  supported  by  a 
more  or  less  perfect  calcareous  skeleton  or  corallum  (fig.  94). 


Fig.  94.— Sderodermic  and  sclerobasic  Corals.  A.  Branch  of  Dendropkyllia  nigret- 
eens,  a  sdexodermic  coral,  showing  the  cups  or  thccae  («  a)  secreted  by  the  separate 
polypes,  and  united  by  the  coenenchyma  (c  c).  B,  Poruon  of  a  sclerobasic  coral 
(G«fvw«£«)  represented  diagrammatically :  *  The  solid  and  branched  sclerpbase ;  / 
A  portion  of  the  soft  coenoearc  with  its  embedded  polypes,  investing  the  sclerobasic 
axis. 

This  is  composed  of  calcareous  matter  ("  sclerenchyma ") 
deposited  by  the  tissues  in  such  a  way  that  the  corallum 
comes  to  lie  within  the  polype,  and  is  technically  said  to  be 
"sclerodermic."  The  "sclerodermic"  corallum  is  therefore 
the  result  of  the  secretion  of  lime  by  the  actual  polypes,  and 
thus  differs  from  the  "  sclerobasis "  of  the  Anttpathida  and 
Gorgonida^  which  is  secreted  by  the  coenosarc,  and  is  not 
formed  by  a  calcification  of  the  soft  parts  of  the  polypes 
themselves.  The  general  distinction,  arising  from  their  mode 
of  formation,  between  "sclerobasic"  and  "sclerodermic" 
corals,  is  not    perhaps    of   essential   importance,   and   the 
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boundary-line  between  the  two  is  not  very  clearly  marked; 
but  it  is  of  considerable  practical  value.  It  is,  moreover,  a 
distinction  which  is  readily  recognised,  as  a  rule,  by  a  simple 
inspection  of  the  corallum  itself.  A  sclerobasic  corallum, 
namely,  being  secreted  solely  by  the  coenosarc,  never  exhibits 
any  parts  which  correspond  with  the  separate  polypes  of  the 
colony.  On  the  other  hand,  the  sclerodermic  corallum  (when 
not  composed  simply  of  scattered  spicules)  either  consists  of 
a  single  cup-like  structure  corresponding  with  a  single  polype 
(fig.  95 ),  or  of  several  such  (fig.  94,  A)  united  by  a  common 
skeleton. 
A  typical  simple  sclerodermic  corallum  (fig.  95)  is  secreted 


Fig.  95. — Caryopkyllia  bartalis,    A  simple  sclerodermic  Coral,  twice  the  lUitunU 
sixe.    (After  Sir  Wyville  Thomson.) 

by  a  single  polype,  and  its  structure  presents  an  obvious  cor- 
respondence with  that  of  the  animal  which  produces  it.  It  is 
generally  more  or  less  conical  in  shape,  sometimes  discoid, 
consisting  of  an  outer  wall  and  included  space.  The  wall 
corresponds  with  the  lower  part  of  the  column  of  the  polype, 
and  is  known  as  the  "  theca."  It  may  be  very  imperfect,  or 
may  be  strengthened  by  a  secondary  calcareous  investment 
("epitheca").  The  theca  encloses  a  space  which  corresponds 
with  the  lower  part  of  the  body-cavity  of  the  polype,  and  is 
known  as  the  "  visceral  chamber."  Superiorly  the  theca  ter- 
minates in  a  shallower  or  deeper  cup-shaped  depression,  which 
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contains  the  oesophagus  of  the  polype,  and  is  known  as  the 
"calice."  Below  the  calice,  the  visceral  chamber  is  subdivided 
into  a  number  of  vertical  compartments  (*'  loculi ")  by  a  series 
of  upright  partitions  or  "  septa,"  which  spring  from  the  inner 
surface  of  the  theca,  and  are  directed  inwards  towards  the 
centre.  The  septa  are  calcifications  formed  within  the  inter- 
mesenteric  chambers  (fig.  96,  j),  so  that  each  septum  is  placed 
underneath  a  tentacle,  and 
the  total  number  of  the 
septa  is  equal  to  that 
of  the  mesenteries.  The 
septa  likewise  increase  in 
number  with  the  increas- 
ing growth  of  the  polype, 
as  the  mesenteries  do; 
and,  like  the  latter,  they 
vary  in  their  width,  so 
that  they  are  often  spoken 
of  as  "  primary,"  "  second- 
ary," and  "tertiary"  septa. 

It  has  been  generally  stated 
that  the  theca  is  the  result  of 
the  calcification  of  the  body- 
wall  of  the  polype,  and  that  the 
septa  are  produced  by  the  cal- 
cincation  of  the  mesenteries. 
Von  Koch,  however,  has  shown 
that  in  many  corals  the  body- 
waU  really  lies  quite  exteriial 
to  the  theca,  and  that  the  latter  b  formed  by  the  thickening  and  ultimate 
fusion  of  the  outer  ends  of  the  septa.  Moreover,  it  has  been  shown 
by  Lacaze-Duthiers  that  the  septa  are  not  produced  in  the  mesenteries 
themselves,  but  in  the  intermesenteric  chambers.  From  the  researches 
of  this  observer,  it  would  appear  that  the  formation  of  the  corallum 
begins  by  the  deposition  of  lime  in  the  ectoderm  of  the  base  or  pedal  disc 
of  the  polype,  giving  rise  to  a  calcareous  plate  ("foot-plate'*)  by  which 
the  coral  is  usually  fixed  to  some  foreign  body.  The  septa  are  devel- 
oped as  radiating  ridges  from  the  upper  surface  of  this  foot-plate,  and 
they  grow  upwards  into  the  intermesenteric  chambers  as  vertical  la- 
m^U^  which  are  covered  intemaUy  by  the  endoderm.  The  theca  is 
produced  subsequently  to  the  septa,  and,  as  above  mentioned,  is  often,  if 
not  always,  formed  by  the  coalescence  of  the  outer  ends  of  the  septa  in 
the  course  of  growth. 

The  septa  in  the  adult  sclerodermic  corallum  are  typically 
some  multiple  of  six  in  number,  arranged  in  six  systems ;  but 
this  rule  is  not  of  universal  application,  and  the  typical  hexa- 
meral  arrangement  may  be  departed  from  altogether.  The 
laws  of  development  of  the  septa  are  complicated,  and  need 


wall  of  the   polypie ;  m  One  of  the  twelve 


principal  mesenteries;  s  One  of  the  primary 
se^ta ;  /  Theca  of  the  corallum,  formea  bythe 
union  of  the  outer  ends  of  the  septa;  or  OBso- 
phagus  of  the  polype. 
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not  be  discussed  here.  On  the  outside  of  the  theca  are 
vertical  ridges  ("  costae  "),  corresponding  with  the  septa  within ; 
and  the  centre  of  the  visceral  chamber  may  be  vacant,  or  may 
be  occupied  by  an  axial  rod-like  or  spongy  structure,  which  is 
termed  the  "  columella."  At  the  inner  ends  of  the  septa  may 
be  developed  narrow  vertical  plates  which  are  known  as  "  pali " 
(fig.  97,  /).     The  continuity  of  the  "  interseptal  loculi "  is 


Fig.  97. — ^A,  Transverse  section  of  a  simple  ZoanUuuian  Coral  (Cjfotkma  BowerbtuMit 
enlarged.  (After  Milne* Edwards  ana  Haime.)  t  Theca ;  «  One  of  the  primary  septa ; 
>  One  of  the  "  pali*"  In  the  centre  is  seen  the  irregular  "  colamella."  B,  Tranverse 
section  of  a  Kugose  coral  {(OrepidofhvUum  subctts^itotum\  enlarged  four  times 
(Original).  /  Theca  \  d**  DissepimenU  ;  s  One  of  the  first  order  of  septal;  /  One  of 
the  second  order  of  septa ;  /  **  Fossnla."  In  the  centre  of  the  coral  is  a  space  occu* 
pied  by  tabulae. 

liable  to  be  more  or  less  interfered  with  by  the  development 
of  the  structures  known  as  "  synapticulae,"  **  dissepiments,"  and 
"tabulae."  The  " synapticulae "  are  transverse  calcareous  bars 
which  stretch  across  the  interseptal  loculi,  and  form  a  kind  of 
trellis-work,  uniting  the  opposite  faces  of  adjacent  septa.  They 
are  characteristic  of  the  Fungida,  The  "  dissepiments  "  are 
commonly  present  in  a  great  many  corals,  and  have  the  form 
of  incomplete,  approximately  horizontal  plates,  which  stretch 
between  adjacent  septa,  and  break  up  the  interseptal  loculi 
into  secondary  compartments  or  cells.  Lastly,  the  "  tabulae  " 
may  be  regarded  as  highly  developed  dissepiments,  and,  like 
them,  are  ;  approximately  horizontal,  as  a  rule  at  any  rate. 
They  differ  from  the  dissepiments  in  the  fact  that  they  cut 
across  the  interseptal  loculi  at  the  same  level.  When  fully 
developed  (fig.  98,  D),  they  are  transverse  plates,  which  extend 
completely  across  the  visceral  chamber,  and  divide  it  into  a 
series  of  storeys  placed  one  above  the  other,  the  only  living 
portion  of  the   coral   being  above  the  last-formed  tabula. 
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Tabulae  are  found  in  various  of  the  Zoantharia  scUrodertnata^ 
in  some  of  the  AUyonaria^  and  in  a  great  many  of  the  Rugosa, 


Fiff.  98-— A,  Poition  of  the  corallum  of  PociUopora  aspera,  var.  lata^  Verrill,  of  the 
natural  size.  B,  Part  of  the  surface  of  same,  enlarged.  C.  Section  of  the  corallites 
of  the  same,  xhowing  the  columella,  enlarged.  D,  vertical  section  of  the  same,  en- 
laxged,  showing  tabulae.    (After  Dana.) 

The  above  gives  the  general  structure  of  a  typical  simple 
sclerodermic  corallum,  as  secreted  by  a  single  polype.  A 
compound  sclerodermic  corallum  is  the  aggregate  skeleton  pro- 
duced by  a  colony  of  such  polypes,  and  varies  in  form  and 
size  according  to  the  characters  of  the  colony  by  which  it  is 
produced.     In  general,  such  a  colony  consists  (fig.  99)  of  a 


Fig.  99,—Astrma/aliidat  a  compound  sclerodermic  Coral,  in  its  living  condition. 
(After  Dana.) 

number  of  polypes,  which  may  spring  directly  from  one  an- 
other, or  may  be  united  by  a  common  flesh  or  coenosarc ;  and 
corresponding  elements  are  found  in  the  corallum.     In  the 
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former  instance,  the  compound  corallum  consists  of  an  assem- 
blage of  separate  "  corallites,"  as  the  skeletons  of  the  individual 
polypes  are  called,  these  being  united  with  one  another  directly 
and  in  various  ways.  In  the  latter  instance,  the  corallum  con- 
sists of  a  number  of  "  corallites  "  and  of  a  common  calcareous 
basis  or  tissue,  which  unites  the  various  corallites  into  a  whole, 
is  secreted  by  the  coenosarc,  and  is  known  as  the  "coenen- 
chyma." 

The  compound  coralla  are,  of  course,  primitively  simple,  and  they  be- 
come composite  either  by  budding  or  by  cleavage  of  the  original  polype. 
The  following  are  the  principal  methods  in  which  the  increase  is  effected  ; 
and  in  considering  this  subject  briefly,  it  will  be  as  well  to  take  into  account 
not  only  the  Zoantharia  sclerodermcUa^  but  also  the  Rugose^  the  modes  of 
increase  in  the  two  groups  being  very  similar:  (i.)  Lateral  or  paridal 
gemtnation. — In  this  mode  of  increase  the  original  polype  throws  out  buds 
from  some  point  on  its  sides  between  the  base  and  the  circle  of  tentacles, 
and  these  buds  on  becoming  perfect  corallites  may  repeat  the  process. 
This  b  one  of  the  commonest  modes  of  growth  amongst  the  recent  corals, 
and  it  gives  rise  chiefly  to  dendroid  or  tree-like  corals. 

(2.)  Basal  gemmation, — In  this  method  the  original  pol3rpe  gives  forth 
from  its  base  a  rudimentary  coenosarc,  from  which  new  buds  are  thrown  up, 
and  which  may  have  the  form  of  foot-like  prolongations  or  of  a  continuous 
horizontal  expansion.  The  resulting  coralla  are  usually  massive  or  encrust- 
ing, and  the  youngest  corallites  are,  of  course,  those  placed  on  the  periphery 
of  the  colony. 

(3.)  Calicular  gemmaiion, — ^This  consists  in  the  production  of  buds  from 
the  calicine  disc  of  the  parent  corallite,  which  may  or  may  not  continue  to 
grow  thereafter,  whilst  the  new  corallites  thus  produced  generally  repeat  the 

process.     This  mode  of  growth  is  ex- 

ceedingly  rare  amon^t  the  Z^ntharia 

sclerodermatay  and  is  never  typically 
exhibited ;  but  it  is  a  characteristic 
feature  in  many  of  the  Rugose  corals. 
In  many  of  these  (fig.  100)  the  original 
polype  throws  up  from  its  calicine  disc 
one  or  more  new  corallites,  which  kill 
the  parent.  These,  in  turn,  produce 
others  after  a  similar  fashion,  till  the 
entire  corallum  assumes  the  form  of  an 
inverted  pyramidal  mass  resting  upon 
the  original  budding  polype.  In  other 
Rugose  corals  the  calicine  disc  gives  off 
but  a  single  bud,  which  may  repeat  the 
process  indefinitely  till  the  corallum  pre- 
sents the  appearance  of  a  succession  of 
inverted  cones  placed  one  above  the 
other. 

(4.)  Fission, — This  process  in  the  cor- 
al) igenous  Actinozoa  is  usually  effected 
by  **  oral  cleavage,**  the  divisional  groove 
commencing  at  the  oral  disc,  and  deepening  to  a  greater  or  less  extent, 
the  proximal  extremity  always  remaining  undivided.     According  to  Dana, 
in  fission  a  new  mouth  is  formed  in  the  disc  near  the  old  mouth,  and  a  new 


Fig.  100. — Calicular  gemmation  as  seen 
in  LoiudaUia  flotifomus.  Car- 
boniferous. 
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gollet  is  formed  for  the  new  mouth,  round  which  the  new  tentacles  are 
then  developed.  This,  therefore,  is  not,  strictly  speaking,  a  subdivision 
into  halves ;  since  one  half  carries  off  the  old  mouth  and  gullet.  More 
rarely,  fission  "is  effected  by  the  separation  of  small  portions  from  the 
attached  base  of  the  primitive  organism,  whose  form  and  structure  they 
subsequently,  by  gradual  development,  tend  to  assume. 

"The  coral-structures  which  result  from  a  repetition  of  the  fissiparous 
process  are  of  two  principal  kinds,  according  as  they  tend  most  to  increase 
m  a  vertical  or  in  a  hcrixorUal  direction.  In  the  first  of  tliese  cases  the 
corallum  is  caspitose^  or  tufted,  convex  on  its  distal  aspect,  and  resolvable 
into  a  succession  of  short  diverging  pairs  of  branches,  each  resulting  from 
the  division  of  a  single  corallite.''  In  the  second  case  the  coral  becomes 
lamellar.  "Here  the  secondary  corallites  are  united  throughout  their 
whole  height,  and  disposed  in  a  linear  series,  the  entire  mass  presenting 
one  continuous  theca."  Both  these  forms  of  corallum  are  "liable  to  be- 
come massive  by  the  union  of  several  rows  or  tufts  of  corallites  throughout 
the  whole  or  a  portion  of  their  height  An  illustration  of  this  is  afforded 
by  the  large  gyrate  corallum  of  Aieandrina^  over  the  surface  of  whose 
spheroidal  mass  the  calicine  r^on  of  the  combined  corallites  winds  in  so 
complex  a  manner  as  at  once  to  suggest  that  resemblance  to  the  convolu- 
tions of  the  brain  which  its  popular  name  of  Brain-stone  Coral  has  been 
devised  to  indicate "  (Greene). 

The  Zoantharia  scUrodermata  are  divided  into  the  three  follow- 
ing groups,  founded  upon  the  characters  of  the  corallum : — 

1.  Aporosa, — The  calcareous  tissue  of  the  corallum  is  more  or  less 
compact  and  imperforate;  the  septa  usually  constituting  complete  solid 
plates,  and  the  theca  being  as  a  rule  not  pierced  by  any  apertures.  Dissepi- 
ments or  synapticulse  are  usually  present,  but  tabulae  are  rarely  developed. 
This  section  includes  the  most  highly  developed  of  existing  corals  {Tur- 
hinolida,  Oculinida^  Asiraida,  &c.) 

2.  Fungida. — The  "  Mushroom  -  corals  "  (FungieUe)  and  a  number  of 
allied  forms  constitute  a  group  of  corals  intermediate  between  the  Aporose 
and  Perforate  types.  The  septa  are  usually  imperforate,  but  the  l^sal 
plate  is  commonly  more  or  less  extensively  perforated ;  while  the  interseptal 
locali  are  crossed  by  "  synapticulae. " 

3.  Perforata, — Tne  odcareous  tissue  of  the  corallum  is  more  or  less 
porous  (fi^.  10 1),  loosely  aggregated,  spongy,  or  reticulate,  the  walls  in  all 
being  perforated  with  more  or  fewer  apertures.  The  septa  are  generally 
well  developed,  but  they  are  abo  perforated  by  apertures,  and  may  be  simply 
trabecukr.  Imperfect  dissepiments  may  be  present,  and  in  some  cases 
there  are  well-developed  tabulae  ;  but  the  visceral  chamber  is  usually  more 
or  less  completely  open  from  top  to  bottom.  The  three  families  comprised 
in  this  section  are  the  Eupsammida^  the  Madreporida^  and  the  PoriHda^ 
to  wUch  must  be  added  the  great  and  almost  extinct  family  of  the 
Fasvositida. 

In  addition  to  the  above-mentioned  groups  of  the  Zoantharia  scleroder^ 
mata,  two  other  groups  have  been  established  under  the  names  of  the 
Tahulata  and  TtUndosa,  The  former  of  these  included  the  so  •  called 
•*  Tabulate  Corals,"  distinguished  by  the  imperfect  development  of  the 
septa,  and  the  fact  that  the  visceral  chamber  is  divided  into  compartments 
by  horizontal  plates  or  "tabulae"  (f^.  98,  D).  Some  of  the  so-called 
"  Tabulate  Corals^**  however,  such  as  Millepora^  have  been  shown  to  be 
Hydroioa;  others,  such  as  Pocillopora  (fig.  98)  belong  to  the  Aporose 
division  of  the  Zoantharia  sclerodertnata  ;  others,  again,  such  as  FavosiUs 
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and  its  allies,  belong  to  the  Perforate  division  of  the  Z,  sclerodermata^ 
and  are  very  nearly  related  to  the  Poritida ;  others  are  referable  to  the 
Aicyonaria;  while  others,  lastly,  are  of  uncertain  affinities.     It  is  clear, 


Fig.  loi.^Madrepara  plantaginea^  a  Perforate  Coral,  of  the  natura   size,  showing  the 
porous  texture  of  the  skeleton. 

therefore,  that  the  section  TabtUata  can  no  lon|[er  be  retained  as  a  division 
of  the  ZoatUharia  sclerodermata^  or  as  a  division  of  the  Corals  of  any 
zoological  value.  The  section  Tubulosa  (including  only  the  Palaeozoic 
genera  Aulopora  and  Cladochonus  or  Pyrgia)  is  also  of  no  zoological  value, 
in  the  present  state  of  our  knowledge.  The  forms  included  in  it  are 
simple  or  compound,  with  trumpet -shaped  thecse,  rudimentary  septa, 
and  few  or  imperfect  tabulse;  and  they  are  probably  referable  to  the 
Aicyonaria, 

As  regards  their  distribution  in  space,  the  Zoantharia  scUro- 
dermata  are  partly  inhabitants  of  deep  water,  and  partly  shallow 
water  forms.  Many  of  the  latter  are  capable  of  growing  to 
very  large  dimensions,  and  under  favourable  circumstances 
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they  give  rise  to  vast  aggregations  of  coral,  which  assume 
a  geographical  importance,  and  are  known  as  "coral-reefs." 
The  so-called  "  reef-building  "  corals  have  their  distribution 
conditioned  by  the  mean  winter  temperature  of  the  sea,  a  tem- 
perature of  not  less  than  66®  being  necessary  for  their  existence. 
The  seas,  therefore,  which  possess  the  necessary  temperature, 
may  be  said  to  be  all  comprised  within  a  distance  of  about 
1800  miles  of  the  equator  on  each  side.  Within  these  limits, 
however,  apparently  owing  to  the  influence  of  arctic  currents, 
no  coral-reefs  are  found  on  the  western  coasts  of  America  and 
Africa.  They  are  found  chiefly  on  the  east  coast  of  Africa, 
the  shores  of  Madagascar,  the  Red  Sea,  and  Persian  Gulf, 
throughout  the  Indian  Ocean  and  the  whole  of  Polynesia,  and 
around  the  West  Indian  Islands  and  the  coast  of  Florida. 
The  headquarters  of  the  reef-building  corals  may  be  said,  to 
be  round  the  islands  and  continents  of  the  Pacific  Ocean. 
A  "coral-reef"  is  a  mass  of  coral  sometimes  many  hundred 
miles  in  length,  and  it  may  be  many  hundreds  of  feet  in 
thickness,  produced  by  the  combiped  growth  of  dfflferent 
species  of  coralligenous  Actinozoa,  As  before  said,  a  mean 
winter  temperature  of  not  less  than  66°  is  necessary  for  their 
existence,  and  therefore  nothing  worthy  of  the  name  of  a 
"coral-reef"  is  to  be  found  in  seas  so  far  removed  from  the 
equator  as  to  possess  a  lower  winter  temperature  than  the 
above. 

According  to  Darwin,  coral-reefs  may  be  divided  into  three  principal 
forms — viz.,  Fringing-reefs,  Barrier-reefs,  and  Atolls,  distinguished  by  the 
foUowing  characters : — 

1.  Fringif^-reefs  (fig.  102,  i).  These  are  reefs,  seldom  of  great  size, 
which  may  either  surround  islands,  or  skirt  the  shores  of  continents.  These 
shore-reefs  have  no  channel  of  any  great  depth  intervening  between  them 
and  the  land,  and  the  soundings  on  their  seaward  margin  indicate  that  they 
repose  upon  a  gently  sloping  surface. 

2.  Barrier-reefs  (fig.  102,  2). — These,  like  the  preceding,  may  either 
encircle  islands,  or  may  skirt  continents.  They  are  distinguished  from 
fringing-reefs  by  the  fact  that  they  occur  usually  at  a  much  greater  distance 
from  land,  that  there  intervenes  a  channel  of  deep  water  between  them  and 
the  shore,  and  that  soundings  taken  close  to  their  seaward  margin  indicate 
considerable  depths.  If  the  barrier-reef  surround  an  island,  it  is  sometimes 
called  an  "encircling  barrier-reef,*'  and  it  constitutes  with  its  island  what  is 
called  a  "lagoon  island." 

As  an  example  of  this  class  of  reefs  may  be  taken  the  great  barrier-reef  on 
the  N.E.  coast  of  Australia,  the  structure  of  which  is  on  a  perfectly  colossal 
scale.  This  reef  runs,  with  a  few  breaches  in  its  continuity,  for  a  distance 
of  more  than  a  thousand  miles,  its  average  distance  from  the  shore  being 
between  twenty  and  thirty  miles,  and  the  depth  of  the  inner  channel  being 
from  ten  to  sixty  fathoms,  whilst  the  sea  outside  is  '*  profoundly  deep  "  (in 
some  places  over  1800  feet). 

3.  Atolls  (iQ2,  3). — These  are  oval  or  nearly  circular  reefs  of  coial. 
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enclosing  a  central  expanse  of  water  or  lagoon.  They  seldom  form  com- 
plete rings,  the  reef  being  usually  breached  by  one  or  more  openings,  which 
are  always  situated  on  the  leeward  side,  or  on  that  side  which  is  most 


Fig.  Z09.— Structnre  of  Coral-reefs,  z.  Fringing-reef ;  a.  Barrier>reef ;  3.  Atoll,  a  Sea- 
level  ;  6  Coral-reef;  c  Primitive  land ;  a  Portion  of  sea  within  the  reef,  forming  a 
channel  or  lagoon. 

completely  sheltered  from  the  prevailing  winds.  In  their  structure  they 
are  identical  with  "encircling  tarrier-reefs,"  and  differ  from  these  only  in 
the  fact  that  the  lagoon  which  they  enclose  does  not  contain  an  island  in  its 
centre. 

If  a  coral-reef  be  observed — ^say  a  portion  of  an  encircling  barrier-reef — 
the  following  are  the  general  phenomena  which  may  be  noticed.  The 
general  shape  of  the  reef  is  triangular,  presenting  a  steep  and  abrupt  wall 
on  the  seaward  side,  and  having  a  long  and  gentle  slope  towards  the  land. 
The  outer  margin  of  the  reef  is  exposed  to  the  beating  of  a  tremendous 
surf,  whilst  the  sounding  taken  just  outside  the  line  of  breakers  always 
indicate  great  depths.  The  longer  inner  slope  is  washed  by  the  calm  waters 
of  the  inner  lagoon  or  channel  The  reef  is  only  very  partially  composed 
of  livinc;  corals,  which  are  found  to  occupy  a  mere  strip,  or  zone,  along  the 
seaward  margin  of  the  reef;  whilst  all  above  this,  as  well  as  all  below,  is 
constituted  by  dead  coral,  or  "  coral-rock." 

As  to  the  method  in  which  such  a  reef  is  produced,  the  following  facts 
have  been  established  : — 

A.  The  coral- producing  polypes  do  not  flourish  at  levels  higher  than 
extreme  low  water,  though  some  of  them  can  withstand  exposure  to  the  sun 
and  air  without  injury.  It  follows  from  this  that  no  coral-reef  can  be 
raised  above  the  level  of  the  sea  by  the  efforts  of  its  builders.  The  agency 
whereby  reefs  are  raised  above  the  surface  of  the  sea  is  the  denuding  power 
of  the  breakers  which  constantly  fall  upon  their  outer  margins.  These 
detach  large  masses  of  dead  coral  and  heap  them  up  in  particular  places, 
until  an  island  is  gradually  produced.    The  fragments  thus  accumulated  ate 
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compacted  together  by  the  finer  ddritus  of  the  reef,  and  are  cemented 
together  by  the  percolation  of  water  holding  carbonate  of  lime  in  solution. 
In  this  way  the  upper  surface  of  the  reef,  along  a  line  of  greater  or  less 
breadth,  is  more  or  less  completely  raised  above  the  level  of  high  water. 
It  is  obvious,  however,  that  the  reef  might  be  entirely  destroyed  by  a  con- 
tinuation of  this  process — the  sea  being  quite  competent  to  undo  what  it 
had  done — ^unless  some  counteracting  force  were  brought  into  play.  This 
counteracting  force  is  found  in  the  vital  activity  of  the  living  corals,  which  - 
form  the  seaward  margin  of  the  ree^  and  which,  by  their  growth,  prevent 
the  sea  from  always  destroying  the  masses  of  sediment  wluch  it  may  have 
thrown  up. 

B.  The  coral-producing  polypes  are  essentially  shallow-water  animals, 
and  cannot  exist  at  depths  exceeding  some  15  to  30  fathoms.  It  foUows 
from  this  that  no  coral-reef  can  be  commenced  upon  a  sea-bottom  deeper 
than  about  30  fathoms.  The  question  now  arises — In  what  way  have  reefs 
been  produced,  which,  as  we  have  seen,  rise  out  of  depths  of  300  fathoms 
or  more  ?  In  answer  to  this  question,  Darwin  brought  forward  the  theory 
that  the  production  of  barrier-reefs  and  atolls  was  r^Iy  to  be  ascribed  to  a 
gradual  subsidence  of  the  foundations  upon  which  they  rest  Thus,  if  a 
mnging-reef  which  surrounds  an  island  be  supposed  gradually  to  sink 
beneath  the  sea,  the  upward  growth  of  the  corals  will  neutralise  the  down- 
ward movement  of  the  land,  so  feir,  at  any  rate,  that  the  reef  will  iippear  to 
be  stationary,  whilst  it  is  really  growing  upwards.  The  island,  however, 
as  subsidence  goes  on,  will  gradually  diminish  in  size,  and  a  channel  will 
be  formed  between  it  and  the  reef.  If  the  depression  should  be  still  con- 
tinued, the  island  will  be  reduced  to  a  mere  p^dc  in  the  centre  of  a  lagoon : 
and  the  reef,  from  a  "fringing-reef,"  will  have  become  converted  into  an 
"  encircling  barrier-reef."  As  the  growth  of  the  reef  is  chiefly  vertical,  the 
continued  depression  will  of  course  have  produced  deep  water  all  round 
the  reel  If  the  subsidence  be  continued  still  further,  the  central  peak  will 
disappear  altogether,  and  the  reef  will  become  a  more  or  less  complete 
ring  surrounding  a  central  expanse  of  water  ;  thus  becoming  converted  into 
an  "atolL"  The  production,  therefore,  of  encircling  barrier -reefs  and 
atolls  is  due,  on  this  theory,  to  a  process  of  subsidence  of  the  sea-bottom. 
The  existence,  however,  of  fringing-reefs  is  only  possible  when  the  land  is 
either  slowly  rising,  or  is  stationary. 

Recent  researches  by  various  observers  (Semper,  Murray,  Guppy,  &c), 
have  shown  that  Darwin's  theory  cannot  be  accepted  as  a  universal 
explanation  of  the  mode  of  origin  of  atolls  and  barrier-reefs,  even  if  it  be 
partially  true.  It  would,  however,  be  out  of  place  here  to  enter  at  length 
into  the  causes  to  which  modem  investigators  refer  the  different  forms  of 
coial-reefs. 

As  regards  their  distribution  in  time,  the  Zoantharia  sclera- 
dermata  are  abundant  as  fossils,  and  have  played  an  important 
part  in  the  formation  of  limestones  in  the  later  periods  of  the 
earth's  history.  The  earliest  examples  of  the  group  appear  in 
the  Ordovician  rocks ;  and  the  great  family  of  the  Favositida 
is  represented  by  numerous  types  in  the  Palaeozoic  deposits, 
and  especially  in  the  Silurian  and  Devonian  formations.  The 
Perforata  attained,  however,  a  much  greater  development  in 
Meso2X)ic  and  Cainozoic  time,  and  they  appear  to  have  reached 
their  maximum  at  the  present  day.     The  same  is  true  of  the 
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Aporosa,  unless,  as  is  not  impossible,  it  should  ultimately  be 
found  that  the  so-called  "  Rugose  corals  "  are  truly  referable  to 
this  section  of  the  2^ant/iaria, 


CHAPTER    XIIL 
RUGOSA. 


The  members  of  this  order  agree  with  the  Zoantharia  sclera- 
dcrmata  in  possessing  a  weU'dcvdoped  sclerodermic  corallum^ 
with  a  true  theca^  but  generally  possessing  both  tabulce  and  septa 
combined.  The  septa,  however,  are  genercUly,  though  not  always, 
arranged  tetramerously  ;  and  there  is  commonly  a  single  predomi- 
nant septum  {sometimes  three  such),  or  a  vcuant  space  (Jbssula) 
representing  such  a  septum.  Some  of  the  Rugpsa  are  simple, 
others  are  compound ;  but  the  latter  are  destitute  of  a  true 
coenenchyma.  The  mode  of  increase  in  the  compound 
forms  is  principally  by  calicular  gemmation,  or  by  lateral 
budding. 

The  organisms  which  have  usually  been  included  under  the 
name  of  Rugosa  are  probably  of  different  affinities ;  and  as 
they  are  extinct,  and  therefore  only  known  to  us  by  their  hard 

parts,  there  are  many  points  in 
their  structure  which  are  only 
imperfectly  understood.  The 
typical  members  of  the  Rugosa 
are  clearly  Actinozoan,  and  are, 
in  fact,  obviously  nearly  related 
to  the  Zoantharia  sclerodermata. 
In  both  of  these  groups  the  coral- 
lum  may  be  simple  or  compound ; 
in  both  alike  the  simple  form  of 
corallum  (fig.  104)  consists  of  an 
outer  wall  or  "  theca,"  enclosing 
a  central  space  or  "visceral  cham- 
ber," which  is  divided  into  com- 
Fig.  io>— A  few  caiices  of  sta$tria  partments  bv  a  series  of  radiatine 

asttrtiformUt  enlarged,  showing  the    \   ,,_  ,r         .    ,,      .      .     ^i       i-i 

four  primary  septa  forming  a  four-    lamellae  01  "sCpta";  m  bOth  alike 

Sar^w^sanf S;.)  ^^^^'  ^he  Structures  known  as  "dissep. 

iments,  "tabulae,"  and  "colu- 
mella," may  be  developed ;  and  in  both  alike  the  compound 
corallum  may  be  regarded  as  a  variously-formed  aggregate  of 
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"  corallites/'   similar  in    their  fundamental   structure    to   the 
simple  corallum. 

On  the  other  hand,  the  corallum  of  the  Rugosa  exhibits  the 
following  more  striking  peculiarities:  (i.)  The  septa  appear 
to  be  primitively  developed  m  four  systems,  instead  of  six. 
Sometimes  the  adult  corallum  (as  in  Stauria,  fig.  103)  exhibits 
the  four  primitive  septa  in  a  pre-eminently  developed  condi- 
tion, but  this  is  not  commonly  the  case.  Very  often,  indeed, 
the  tetrameral  arrangement  of  the  septa  is  very  obscure,  or 
cannot  be  made  out  at  all.  (2.)  The  septa  may  be  rendered 
more  or  less  irregular  in  their  arrangement  by  the  presence  of 
a  curious  vacant  space  (sometimes  three  or  four),  which  is 
known  as  the  **fossula"  (figs.  97,  B,  and  104,  B),  and  which 


Fig.  Z04. — Morphology  of  the  Rugosa.  A,  Fragment  oi  Zaphreniis  Hganiea,  showing^ 
the  septa  (i)  with  the  sparse  dissepiments  crossing  the  interseptalTocuIi,  the  epitheca 
{e\  and  the  thin  proper  wall  («/X  B,  Transverse  section  xA  Zaphrentis  GMerangen\ 
showing  the  septa  and  dissepiments,  the  central  area  occupied  solely  by  the  tahulae, 
and  the  *'  fossula  "  (/).  C,  Longitudinal  section  of  the  last,  showing  the  arrangement 
of  the  tabulae.  (A  is  after  Edwards  and  Haime ;  B  and  C  are  after  James  Thomson.) 

appears  to  take  the  place  of  one  of  the  primitive  four  septa- 
(3.)  When  the  septa  are  well  developed,  they  generally  present 
themselves  in  the  adult  as  of  two  sizes  only,  a  larger  and  a 
smaller  (fig.  97,  B).  (4.)  Tabula  are  usually  present,  in  con- 
junction with  the  septa.  (5.)  The  compound  coralla  possess 
no  true  coenenchyma,  and  one  of  their  commonest  modes  of 
increase  is  by  means  of  "  calicular  gemmation." 

As  regards  one  of  the  above-mentioned  peculiarities — viz.,. 
the  tetrameral  arrangement  of  the  septa — ^not  only  is  it  impos- 
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sible  to  demonstrate  this  in  all  the  forms  of  the  Rugpsa^  but 
there  are  certain  recent  corals  (such  as  Gt^nia  and  Haplophyl- 
lid)  which  show  the  same  feature,  though  they  are  usually 
regarded  as  referable  to  the  Zoantharia  sderoda^maia.  The 
curious  structure,  termed  the  "fossula,"  is  not  universally 
present  in  the  Rugosa^  and  its  significance  is  not  precisely 
understood.  The  presence  of  only  two  sizes  of  septa  is  a 
phenomenon  which  can  be  recognised  in  some  typical  forms 
of  the  Zoantharia  sckrodcrmatcL  Lastly,  '^  tabulae  "  are  by  no 
means  exceedingly  rare  among  the  Zoantharia  sclerodermatiu 

From  a  consideration  of  these  and  other  similar  facts  some 
authorities  have  been  led  to  regard  the  entire  group  of  the 
Rugosa  as  referable  to  the  Zoantharia  scUrocUrmata^  or  even  as 
merely  forming  a  portion  of  the  Aporosa.  This  view  is  taken 
by  Mr  Quelch,  and  is  supported  by  his  investigation  of  the 
remarkable  recent  coral  termed  Moseleya  latisteUata.  In  this 
remarkable  form  the  corallum  is  composite,  and  increases  by 
calicular  gemmation,  and  tabulae  are  developed  in  the  centre 
of  the  visceral  chamber,  while  it  has  other  characters  by  which 
it  approaches  to  the  Rugose  family  of  the  Cyathophyllida. 

On  the  other  hand,  it  has  to  be  borne  in  mind  that  the 
mode  of  development  and  the  arrangement  of  the  septa  in  the 
leading  types  of  Rugose  Corals  have  not  hitherto  (save  in  few 
instances)  been  investigated  with  the  accuracy  necessary  for 
the  institution  of  a  reliable  comparison  between  the  so-called 
Rugosa  and  the  normal  Zoantharia  sclerodermata.  In  the 
meantime,  therefore,  it  seems  provisionally  best  to  retain  the 
Rugosa  as  a  separate  division  of  corals.  That  some  of  the 
types  now  usually  placed  among  the  Rugosa  will  have  to  be 
placed  elsewhere,  may  be  taken  as  certain.  It  is  also  certain 
that  the  discovery  of  a  type  like  Moseleya 
has  much  diminished  the  gap  between  the 
Rugosa  and  the  ordinary  Madreporaria. 
The  affinities  of  Moseleya^  however,  are 
with  the  Cyathophyllida^  whereas  there 
are  other  well-marked  sections  of  the 
Rugosa^  such  as  the  Zaphrentida  and 
Cystiphyllida,  for  the  recent  relatives  of 
which  we  have  yet  to  seek. 

Fi^.    lo^.—CaLeoia   sandal- 

tna.  An  operculate  Rugose       AmoDg  the  more  abnormal  t3rpes  which  have 
Coral.    Devonian.  usually  been  regarded  as  referable  to  the  Rugosa^ 

are  certain  singular  cup-shaped  or  conical  organ- 
isms, in  which  the  mouth  of  the  cup  is  provided  with  a  lid  or  operculum. 
The  most  remarkable  of  these  is  the  genus  Calceola  (fig.  105),  formerly 
referred  to  the  Brachiopadc^  and  very  abundant  in  certain  parts  of  the 
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Devonian  system,  in  which  the  operculum  consisted  of  a  single  valve  or 
piece.  In  Goniophyllum  four  valves  were  present,  and  in  Cystiphyllum 
prismaticum  there  were  four  or  more  valves  in  the  operculimi.  It  is 
worthy  of  notice  that  some  recent  corals  (species  of  Prtmnoa^  Paramur- 
icea^  and  others)  exhibit  also  a  more  or  less  complete  operculum.  The 
calices  of  Cryptohelia  pudica  (one  of  the  Hydroid  group  of  the  Stylaster- 
Ida's  sure  ^dso  protected  by  a  calcareous  lamina  in  front  of  each. 

As  regards  their  distribution  in  Hme^  most  of  the  corals  which 
have  usually  been  referred  to  the  Rugosa  are  essentially  Palse- 
ozoic,  and  abound  in  the  Ordovician,  Silurian,  Devonian,  and 
Carboniferous  periods,  a  few  forms  also  occurring  in  the  Per- 
mian rocks.  The  genus  Holocystis  is,  however,  a  Cretaceous 
type  (Lower  Greensand) ;  while  the  Tertiary  genius  Conosmilia 
ha&  been  referred  to  the  Rugose  family  of  the  Staurida, 
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ALCYONARIA. 

The  second  great  division  of  the  living  Actinozoa  is  that 
of  the  Alcyonaria  or  OctadinicSy  defined  by  the  possession  of 
polypes  with  eight  pinnately-fringed  tentacles^  the  mesenteries  and 
intertnesenieric  chambers  being  also  eight  in  number.  The  corallum 
is  usually  sclerobasiCy  or  spicular,  or  formed  of  both  an  axial 
sclerobasis  and  detached  spicules ;  if  ^^  thecce^^  are  present^  as  is 
rarely  the  case,  septa  are  wanting  or  rudimentary. 

The  Alcyonaria  are  essentially  distinguished  from  the  Zoan- 
tharia  by  the  possession  of  eight  unpaired  mesenteries  and 
eight  tentacles  (reduced  in  some  rare  cases  to  six  or  four). 

The  mesenteries  (fig.  io6)  are  symmetrically  grouped  round  the 
oesophagus,  so  that  there  is  a  dorsal  intermesenteric  space,  and  a  ventral 
oney  together  with  three  lateral  compartments  on  eadi  side.  The 
"directive"  mesenteries  of  the  ventral  side  (fig.  io6,  Nos.  i,  i),  have  the 
longitudinal  retractor  muscles  attached  to  their  opposed  faces ;  whilst  the 
opposed  sides  of  the  dorsal  directive  mesenteries  have  the  transverse 
muscles.  The  mesenteries  are  not  in  pairs ;  and  the  order  in  which 
they  appear  has  not  been  precisely  investigated,  the  numbering  given  in 
the  annexed  figure  not  being  certainly  known  to  express  the  order  in  which 
these  structures  are  developed. 

With  the  exception  of  two  genera  (Haimeia  and  Hartea), 
both  of  which  are  possibly  founded  upon  immature  forms,  the 
Alcyonaria  are  all  composite,  the  tubular  polypes  being  united 
by  a  coenosarc,  and  their  body-cavities  being  placed  in  com- 
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Fig. 


munication  by  means  of  anastomosing  canals,  which  ramify  in 
the  coenosarc,  and  permit  of  a  free  circulation  of  nutrient  fluids. 
The  form  of  the  colony  differs  greatly  in  different  cases,  but 

none  possess  the  power 
of  independent  locomo- 
tion, most  being  rooted 
to  foreign  objects,  or  sunk 
in  the  mud.  The  poly- 
pes, in  most  of  the  essen- 
tial points  of  their  organ- 
isation, agree  with  those 
of  the  Zoantharia^  the 
mouth  opening  into  a 
tubular  gullet,  which 
in  turn  communicates 
freely  with  the  body- 
cavity,  and  the  oesopha- 
gus being  connected  with 
the  body-wall  by  means 
of  a  series  of  vertical 
membranous  laminas  or 
"mesenteries."  The 
mesenteries,  however,  are 
only  eight  in  number, 
and  are  not  paired,  one  of  the  tentacles  corresponding 
with  and  openmg  into  each  intermesenteric  chamber.  A 
corallum  may  be  wanting,  and  when  present  its  structure 
varies.  In  some  cases,  lastly,  it  has  been  shown  that  the 
actinosoma  normally  consists  of  two  kinds  of  polypes — one 
sexual,  the  other  sexless  and  permanently  rudimentary.  All 
the  Alcyonaria  are  marine.  The  recent  Alcyonaria  are  divided 
into  five  families — viz.,  the  Alcyonida^  the  TitbiporidtB^  the 
Pennatulida^  the  Gorgonidcs^  and  the  Helioporida, 

Family  I.  ALCVONiDiE. — ^This  family  is  characterised  by 
the  possession  of  a  Jixed  actinosoma,  which  is  provided  with  a 
sclerodermic  corallum  in  the  form  of  calcareous  spicula  embedded 
in  the  tissues.  The  spicules  are  mostly  fusiform  in  shape,  and 
are  generally  present  both  in  the  polypes  themselves  and  in 
the  connecting  coenosarc ;  but  there  is  no  central  solid  axis. 

Alcyonium  may  be  taken  as  the  type  of  the  family,  and  it 
is  well  known  to  fishermen  under  the  name  of  "  Dead-men's 
fingers."  It  forms  spongy-looking,  orange-coloured  crusts  or 
lobate  masses,  which  are  attached  to  submarine  objects,  and 
are  covered  with  little  stellate  apertures,  through  which  the 
delicate  polypes  can  be  protruded  and  retracted  at  will.     The 


.„  X06. — ^Tiansverse  section  of  a  polype  of  At- 
cyonium,  enlai^ed.  (After  O.  and  R.  Hertwig.) 
The  numbers  indicate  the  four  pairs  of  mes* 
enteries.  s  CEsophagus  transversely  divided; 
Im  One  of  the  eight  longitudinal  ''^retractor" 
muscles  of  the  mesenteries ;  ve  Ventral  side  of 
polype ;  do  Dorsal  side.  Nos.  x.  x  and  4,  4  are 
the  "  directive  "  mesenteries. 
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polypes  communicate  with  one  another  by  an  anastomosing 
system  of  aquiferous  tubes,  and  the  corallum  is  in  the  form 
of  cruciform,  calcareous  spicula  scattered  through  its  sub- 
stance. In  the  allied  Sarcodidyon  the  actinosoma  is  creeping 
and  linear. 

In  Xenia  the  colony  is  branched,  and  the  polypes  are  non- 
retractile;  and  in  Anihdia  and  Sytnpodium  the  actinosoma 
has  the  form  of  a  membranous  crust  attached  to  foreign 
bodies.  Lastly,  in  Sarcophyton  (as  shown  by  Moseley)  the 
colony  consists  of  reproductive  zooids,  which  have  generative 
organs  and  tentacles,  and  of  sexless  zooids,  which  have  neither 
of  these  organs,  but  possess  a  mouth  and  stomach-sac. 

Family  II.  TuBiPORiDiE. — In  the  Tubiporida,  or  "  Organ- 
pipe  corals,"  of  which  T,  musica  (fig.  107)  is  a  familiar  example, 


r^^':2 


Fig.  107. — A,  Portion  of  the  corallum  of  Tubipora  musica,  of  the  natural  size,  showing 
the  tubular  corallitcs  and  their  connecting  floors.  B,  Polype  of  the  same,  greatly 
enlarged,  showing  the  month  and  tentacles. 

there  is  a  well-developed  sclerodermic  corallum  with  theca^  but 
without  septa.  The  corallum  is  composed  of  a  number  of 
bright-red,  tubular,  cylindrical  thecae,  which  are  united  toge- 
ther externally  by  horizontal  plates  or  floors,  which  appear  to 
be  formed  by  periodical  extensions  from  the  mouths  of  the 
tubes.  The  polypes  are  usually  bright  green  in  colour,  and 
possess  eight  tentacles  each. 

As  shown  by  Prof.  Perceval  Wright,  the  tubes  of  Tubipora 
are  in  reality  composed  of  fused  spicules ;  and  the  polypes 
when  alarmed  retract  themselves  within  their  tubes,  the  upper 
portions  of  which  are  composed  of  loose  fusiform  spicules,  and 
are  thus  capable  of  withdrawal  into  the  lower  dense  portion  of 
the  thecae.  The  Organ-pipe  Corals  are  confined  to  the  warm 
seas  of  the  "  coral-reef  region." 

Family  III.  PENNATULiDiE. — The  FennatulidcBy  or  "Sea- 
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pens,"  are  defined  by  their  free  habit,  and  by  the  possession 
of  a  sderobasic  rod-like  corallum^  sometimes  associated  with  sclero- 
dermic spicules, 

Pennatula,  or  the  "  Coqk's-comb  "  (fig.  109),  consists  of  a 


Fig.  108.— Colony  of  Veretillum  cyno- 
mcrium,  of  the  natural  size,  with 
the  polypes  protruded. 


Fifl;.  X09. — Pennatnla  sulcata^  seen 
from  the  dorsal  side.  Slightly 
reduced,  after  KOlliker. 


free  coenosarc,  the  upper  end  of  which  is  fringed  on  both  sides 
with  feather-like  lateral  pinnae,  which  bear  the  polypes ;  whilst 
its  proximal  end  is  smooth  and  fleshy,  and  is  probably  sunk  in 
the  mud  of  the  sea-bottom.  This  latter  portion  of  the  coeno- 
sarc is  likewise  strengthened  by  a  long,  slender,  styliform 
sclerobasis,  resembling  a  rod  in  shape,  whilst  spicula  occur 
also  in  the  tentacles  and  ectoderm. 

In  Virgidaria  (fig.  no),  which,  Mk^  Pennatula,  occurs  not 
uncommonly  in  British  seas,  the  actinosoma  is  much  longer 
and  more  slender  than  in  the  preceding,  and  the  polype-bear- 
ing fringes  are  short.  The  sclerobasis  is  in  the  form  of  a  long 
calcareous  rod,  like  a  knitting-needle,  and  part  of  it  is  usually 
naked.  In  the  nearly-allied  Pavonaria  the  polype-mass  is 
quadrangular  in  shape. 

In  Veretillum  (fig.  108),  the  upper  portion  of  the  colony  is 
short  and  club-shaped,  and  carries  the  polypes  all  round  its 
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circumference,  and  the  same  is  the  case  in  Cophobdemnon ; 
whilst  in  Rmilla  the  polypes  are  unilateral,  and  the  polyp- 
iferous  coenosarc  is  thin  and  reniform. 

In  many  of  the  Pennattdida^  as  originally  shown  by  KoUiker, 
the  actinosoma  consists  of  two  classes  of 
zooids — the  one  composed  of  sexually  ma- 
ture polypes,  the  other,  more  numerous,  of 
sexless  polypes — which  have  a  body-cavity 
and  stomach,  but  have  neither  mouth  nor 
tentacles.  These  sexless  zooids  may  be 
distributed  promiscuously  over  the  whole 
2jci\!mo%oxxiz.  {Veretillum^  &c.),  or  they  may 
be  restricted  to  definite  regions  {Pennattday 
Virgidaria),  Whilst  many  of  die  Penna- 
tultda  seem  to  live  habitually  sunk  partially 
in  the  mud  of  the  sea-bottom,  others  are 
found  freely  floating  in  the  water,  and  their  -..  „      ,  ... 

mode  of  life  is  not  completely  understood.  virguiariamirabiUs. 
Family  IV.  Gorgonidve.  -  In  the  Gor-  t.\^^:^J^S^, 
gofiida,  or  "  Sea-shrubs,"  there  is  an  arbores-  enlarged ;  ?  Portion  of 
cent  cosnosarc  permanently  rooted  and  provided  coSdS.*"  "*  ^^^ 
with  a  grooved y  or  suicate,  branched  sclerobasisy 
associated  with  variously -shaped  spicules  (fig.  iii),  which  are 
secreted  by  the  soft  tissues,  and  are  termed  ^^  dermoscleritesy 

The  sclerobasis  of  the  Gorgonidce  varies  a  good  deal  in  its 
composition.  In  some  it  is  corneous,  and  these  have  often 
been  confounded  with  the  AntipathidcSy  amongst  the  Zoan- 
tharia.  The  distinction,  however,  between  them  is  easy,  when 
it  is  remembered  that  the  polypes  in  the  Gorgonidce  have 
tentacles  in  multiples  of  four,  whilst  in  the  Antipathida  they 
are  in  sixes.  The  sclerobasis,  too,  in  the  former  is  always 
marked  by  grooves,  whereas  in  the  latter  it  is  always  either 
smooth  or  spinulous.  In  Isis  and  Mopsea  the  sclerobasis  con- 
sists of  alternate  calcareous  and  homy  segments,  branches 
being  developed  in  the  former  from  the  calcareous,  and  in  the 
latter  from  the  homy  segments. 

In  Corallium  rubrum,  the  "  Red  Coral "  of  commerce  (fig. 
112),  the  sclerobasis  is  unarticulate,  or  un jointed,  and  is  en- 
tirely calcareous.  It  is  an  inhabitant  of  the  Mediterranean, 
and  is  largely  imported  for  omamental  purposes.  Red  Coral 
consists  of  a  branched,  densely  calcareous  sclerobasis,  which 
is  finely  grooved  upon  its  surface,  is  of  a  bright-red  colour,  and 
is  in  reality  composed  of  fused  spicules.  The  corallum  is  in- 
vested by  a  coenosarc,  also  of  a  red  colour,  which  is  studded 
by  the  apertures  for  the  polypes,  which  are  white,  and  possess 
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eight  pinnately-fringed  tentacles.  The  entire  coenosarc  is 
channelled  out  by  a  number  of  anastomosing  canals,  which 
communicate  with  the  somatic  cavities  of  the  polypes,  and  are 
said  to  be  in  direct  communication  with  the  external  medium 
by  means  of  numerous  perforations  in  their  walls.  The  entire 
canal  system  is  filled  with  a  nutrient  fluid,  containing  cor- 
puscles, and  known  as  the  "milk." 

In  the  typical  Gorgania  the  sclerobasis  is  homy,  and  more 
or  less  arborescent,  and  the  same  is  the  case  in  the  "Fan 
Corals"  {Rhtpidogorgiay  fig.  iii,  A,  B,  C),  in  which  the  coral- 


Fig.  III. — A,  Frasment  of  the  common  Fan-coral  (Rldpidogorgia  fiabellum)^  reduced 
about  one-hau.  B,  Portion  of  the  same  enlarged,  showing  the  polype<ell&.  C, 
Branchlet  of  the  same  partly  denuded  of  the  soft  parts,  and  showing  the  homy- 
axis  (a).  D,  E,  and  F,  Flesh-spicules  ("  dermosclerites ")  of  GorromtUe,  greatly 
enlarged :  D,  of  Gorgotda  radulal  E,  of  ScUrogorgia  suberosa;  F,  of  Melitlura 
ochracea.    (After  A.  Agassiz  and  KOUiker.) 

lum  has  the  form  of  a  regularly  reticulate  fan-shaped  expansion. 
The  soft  tissues  of  the  Gorgonida  are  abundantly  supplied  with 
sclerodermic  secretions  in  the  form  of  calcareous  spicules  of 
very  various  shapes,  and  often  of  very  brilliant  colours,  which 
are  in  many  instances  of  such  characteristic  figures  that  they 
can  be  employed  as  a  ground  of  generic  distinction.  These 
spicules  ("sclerites")  are  very  generally  buried  in  the  soft 


ALC  YON  ARIA.  203 

tissues,  but  they  may  project  beyond  the  surface  of  the  coeno- 
sarc  in  such  numbers  as  to  render  the  integument  rough  and 
prickly. 


Fig.  X 12.— Red  Coral  {Comliium  rubrum\  of  the  natural  size,  and  a  portion  enlarged. 

Family  V.  HELiopoRiDiE, — The  Alcyonarians  of  this  group 
possess  a  wcll'dtveloped  sclerodermic  coralluniy  composed  of  tabu- 
late tubes  of  two  sizes y  the  larger  ones  being  furnished  with  rudi- 
mentary septal  lamina. 

The  family  Helioporidce  has  been  recently  founded  by  Prof. 
Moseley  for  the  reception  of  the  living  Heliopora  ccerulea 
(fig.  113),  and  of  a  number  of  extinct  corals  previously  placed 
in  the  "Tabulate"  section  of  the  Zoantharia  sclerodermata. 
In  Heliopora  the  corallum  is  composite  and  sclerodermic,  and 
composed  of  corallites  united  by  what  has  usually  been  regarded 
as  a  "coenenchyma."  The  corallites  are  tubular,  crossed  by 
well-developed  tabulae,  and  having  their  walls  folded  in  such  a 
manner  as  to  give  rise  to  a  variable  number  (generally  twelve) 
of  septal  laminae.  The  coenenchyma,  so  called,  is  composed 
of  slender  tubes,  of  smaller  size  than  the  true  corallites,  packed 
closely  side  by  side,  crossed,  like  the  corallites,  by  regular 
transverse  tabulae,  but  destitute  of  septa.  The  soft  parts 
occupy  only  the  parts  of  the  corallum  above  the  uppermost 
tabulae,  and  therefore  only  a  surface-layer  of  the  colony  is 
actually  alive.      The  polypes  are  completely  retractile,  with 
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eight  pinnately-fringed  tehtacles,  and  eight  mesenteries.  The 
mesenteries,  however,  have  no  correspondence  with  the  septa, 
which  are  twelve  in  number  as  a  rule.     The  septa  are  thus 


f'M'%^^::'. 
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Fig.  1x3. — A,  Colony  of  Helio^m  cetmlea^  of  the  natural  size.  B,  Portion  of  the  sur- 
face of  the  same,  enlargea,  showing  the  apertures  of  the  larger  and  smaller  n>6ids. 
C,  Vertical  section  of  a  few  of  the  tubes  of  the  same,  enlarged,  showing  the  tabube. 
(After  Dana.) 

seen  to  be  pseudo-septa,  and  they  cannot  be  regarded  as  being 
homologous  with  the  septa  of  the  Zoantharia  sderodermata. 
The  so-called  ccenenchymal  tubes  are  occupied  by  sacs  lined 
by  the  endoderm,  which  are  closed  externally,  but  communicate 
freely  with  the  body-cavities  of  the  polypes  by  means  of  trans- 
verse canals;  and  Prof.  Moseley  suggests,  with  great  proba- 
bility, that  these  are  really  of  the  nature  of  rudimentary  sexless 
polypes.  The  genus  Heliopora  is  confined  to  the  Pacific  and 
Indian  Oceans. 

Very  similar  to  the  recent  Hdtqpora^  in  many  obvious 
characters,  are  a  number  of  well-known  fossil  corals,  princi- 
pally Palaeozoic,  of  which  Heliolites  may  be  taken  as  the  type, 
and  which  were  formerly  regarded  as  belonging  to  the 
**  Tabulate ''  section  of  the  Zaantharia  sderodermata.    In  Helio- 
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lites  (fig.  114),  there  is  a  well-developed  sclerodermic  corallum, 
with  comparatively  large-sized,  tubular,  regularly  tabulate  cor- 
allites,  usually  possessing  distinct  but  rudimentary  septa,  inter- 


a     b 


Fig.  114. — A.  Small  colony  of  Heliolite*  meeaticnta^  of  the  natural  size.  B,  Small  por* 
tion  of  tne  surface  of  the  same,  masnihed.  showing  the  calices  (<s)  and  the  mouths 
of  the  coenenchymal  tubes  {b),  C,  Vertical  section  of  the  same,  enlarged,  showins 
the  tabulate  corallites  (a),  and  the  tabulate  tubes  of  the  coenenchyma  {by,   (Original!} 

mingled  with  a  copious  coenenchyma  (so-called)  formed  of 
tabulate  geometric  tubuli,  much  smaller  than  the  corallites, 
and  destitute  of  septa.  In  spite  of  the  close  resemblance  of 
HdiolUes  and  its  allies  {Folytremacis^  Propora,  Plasmopora^ 
&C.)  to  Heliopora^  there  are  certain  structural  features  in  the 
former  which  will  require  a  thorough  investigation  before  it 
will  be  possible  to  assert  with  absolute  certainty  that  all  these 
types  belong  to  a  single  group. 


CHAPTER    XV. 
CTENOPHORA, 


Order  IV.  Ctenophora. — The  Ctmophora  comprise  "  trans- 
partnty  oceanic^  gelatinous  Actinozoa^  swimming  by  means  of 
'  ctenophoreSy  or  parallel  rows  of  cilia  disposed  in  comb-like  plates. 
No  corallum  "  (Greene). 
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The  members  of  this  order,  sometimes  regarded  as  a  separ- 
ate class,  are  all  free-swimming  organisms,  and  they  are  placed 
by  many  amongst  the  Hydrozoay  from  which,  however,  they 
appear  to  be  clearly  separated  by  the  possession  of  a  differ- 
entiated digestive  sac,  as  well  as  by  their  analogies  with  the 
Actinozoa,  and  their  generally  superior  degree  of  organisation. 

Pleurobrachia  {Cydippe)  may  be  taken  as  the  type  of  the 
order,  the  structure  of  all  being  similar  to  this  in  essential 
points.     Pleurobrachia  (fig.  115)  possesses  a  transparent,  col- 


Fig.  115. — Adult  of  Pleurobrachia  rhododactyla^  in  a  natural  attitude  and  of  the  natural 
size.    (After  A.  Agassiz.)    e  One  of  the  ctenophores ;  /  One  of  the  tentacles. 

ourless,  gelatinous,  melon-shaped  body,  or  "  actinosoma,"  in 
which  the  two  poles  of  the  sphere  are  termed  respectively  the 
"  oral "  and  "  apical "  (or  "  aboral "),  and  the  rest  of  the  body 
constitutes  the  interpolar  region.  At  the  oral  pole  is  the 
transverse  mouth,  bounded  by  lateral,  slightly  protuberant 
margins.  "  Eight  meridional  bands,  or  '  ctenophores '  bearing 
the  comb-like  fringes,  or  characteristic  organs  of  locomotion, 
traverse  at  definite  intervals  the  interpolar  region,  which  they 
divide  into  an  equal  number  of  lune-like  lobes,  termed  the 
*  actinomeres ' ;  but  this  division  of  the  body  does  not  extend 
into  the  immediate  vicinity  of  the  poles,  before  reaching  which 
the  ctenophores  gradually  diminish  in  diameter,  each  termin- 
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ating  in  a  point"  (Greene).  The  normal  number  of  the 
ctenophores  is  eight  (four  or  twelve  in  some  other  forms),  and 
each  consists  of  a  band  of  surface  elevated  transversely  into  a 
number  of  ridges,  to  each  of  which  a  fringe  of  cilia  is  attached, 
so  as  to  form  a  comb-like  plate.  The  cilia  in  the  middle  of 
these  paddle-like  transverse  ridges  are  the  longest,  and  they 
gradually  diminish  in  length  towards  the  sides,  so  that  the 
form  of  each  comb  is  somewhat  crescentic.  Beside  the  comb- 
like groups  of  vibratile  cilia,  Fieurobrachia  is  provided  with 
two  very  long  and  flexible  tentacular  processes,  which  are 
fringed  on  one  side  with  small  cirrhi.  These  filamentous  pro- 
cesses arise  each  from  a  sac,  situated  on  one  of  the  lateral 
actinomeres,  within  which  they  can  be  completely  and  instan- 
taneously retracted  at  the  will  of  the  animal. 

The  mouth  oi  Fieurobrachia  (fig.  116,  a)  opens  into  a  fusi- 


Fig.  116. — Morphology  of  Ctenophora.  i.  Diagrammatic  transverse  section  of /'/(r«rv- 
brackia,  b  Digestive  cavity ;  i  i  Primary  radial  canals ;  k  k  Secondary  radial  canals ; 
/  /  Tertiary  radial  canab ;  g  Tentacle. 

3.  Locigitaduaal  section  oi  PUurobrackia.  a  Mouth ;  h  Digestive  cavity  ;  c  Fun- 
nel ;  d </ Paragastric  canals ;  e  e  Apical  canals ; y Ctenophoral  canals ;  ^Tentacle ; 
A  Ctenocyst.    (AAer  Hujtley.) 

form  oesophagus  (^),  the  lower  part  of  which  is  provided 
with  brown  cells,  supposed  to  discharge  the  functions  of  a  liver. 
The  gullet  opens  below  into  a  shorter  and  wider  cavity  (r), 
termed  the  "funnel,"  fi*om  which  two  canals  diverge  in  the 
direction  of  the  vertical  axis  of  the  organism,  to  open  at  the 
**  apical  pole."  These  canals  are  known  as  the  "  apical  canals  " 
(^),  and  their  apertures  as  the  "apical  pores."  From  the 
funnel  two  other  pairs  of  canals  are  given  off".  Of  these,  one 
pair — known  as  the  "  paragastric  canals  " — turns  upwards,  one 
nmning  parallel  to  the  digestive  sac  on  each  side  (//),  and 
"  terminating  caecally  before  quite  reaching  the  oral  extremity." 
The  second  pair  of  canals  (/)— the  so-called  "  radial  canals  " — 
branch  off  from  the  funnel  laterally,  each  dividing  into  two. 
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and  then  again  into  two,  as  they  proceed  towards  the  periphery 
of  the  body.  Thus  the  two  "  primary  "  radial  canals  produce 
four  "  secondary "  canals  (k),  and  these,  in  turn,  give  rise  to 
eight  "tertiary"  radial  canals  (/),  which  finally  terminate  by 
opening  "  at  right  angles  into  an  equal  number  of  longitudinal 
vessels,  the  *  ctenophoral '  canals  (/),  whose  course  coincides 
with  that  of  the  eight  locomotive  bands.  These  canals  end 
caecally  both  at  their  oral  and  apical  extremities"  (Greene). 
The  whole  of  this  complex  canal-system  is  lined  by  a  ciliated 
endoderm,  and  a  constant  circulation  of  the  included  nutrient 
fluid  is  thus  maintained. 

Immediately  within  the  apical  pole  is  situated  a  small  cyst 
or  vesicle,  supposed  to  be  an  organ  of  sense,  and  termed  die 
"  ctenocyst "  (//).  In  structure  the  "  ctenocyst  '*  consists  of  a 
spherical  vesicle,  lined  with  a  ciliated  epithelium,  and  filled 
with  a  clear  fluid,  which  contains  mineral  particles,  probably  of 
carbonate  of  lime.  Just  beneath  the  ctenocyst  is  a  cellular  mass 
("  otolith-plate  ")  which  is  generally  believed  to  be  of  a  nervous 
nature.  The  reproductive  organs  of  Pleurobrachia  are  in  the 
form  of  folds,  containing  either  ova  or  spermatozoa,  and  situ- 
ated beneath  the  endodermal  lining  of  the  ctenophoral  canals, 
one  on  each  side. 

The  embryo  Pleurobrachia  is  at  first  rudely  cylindrical  in 
form,  a  belt  of  cilia  passing  round  the  middle  of  its  body. 
This  soon  breaks  up  into  two  lateral  groups,  which  eventually 
disappear  altogether.  The  primitive  ctenophores  are  four  in 
number,  each  ultimately  breaking  up  into  two. 

As  regards  the  homologies  between  Actinia  and  Pleurobrachia^  the 
following  may  be  quoted  from  Professor  Greene : — 

**If  now  a  comparison  be  made  between  this  nutrient  system"  (the 
canal-system  of  the  Ctmophora)  ''and  that  of  Actinia,  the  digestive  sacs 
of  the  two  organisms  are  clearly  seen  to  correspond  in  form,  in  relative 
size,  and  mode  of  communication  with  the  somatic  cavity.  The  funnel 
and  apical  canals  of  Pleurobrachia,  though  more  distinctly  marked  out, 
are  the  homologues  of  those  parts  of  the  general  cavity  which  in  Actinia 
are  central  in  position,  and  underlie  the  free  end  of  the  digestive  sac.  So 
also  the  paragastric  and  radial  canals  may  be  Ukened  to  those  lateral 
portions  of  the  somatic  cavity  of  Actinia  which  are  not  included  between 
the  mesenteries.  Lastly,  the  ctenophoral  canals  of  Pleurobrachia  and  the 
somatic  chambers  of  Actinia  appear  to  be  truly  homologous,  the  chief 
difference  between  the  two  forms  being,  that  while  in  the  latter  the  body- 
chambers  are  wide  and  separated  by  very  thin  partitions,  they  are  in 
Pleurobrachia  reduced  to  the  condition  of  tubes ;  the  mesenteries  which 
intervene  becoming  very  thick  and  gelatinous,  so  as  to  constitute,  indeed, 
the  principal  bulk  of  the  body."  The  "apical"  canals,  again,  by  which 
the  digestive  sac  communicates  inferiorly  with  the  external  medium,  may 
be  compared  with  the  perforation  which  is  found  in  some  of  the  Actinida 
^Cerianthus  and  Peachia)  traversing  the  axis  of  the  base  or  foot. 
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The  remaining  members  of  the  Ctenophara  conform  in  roost  essential 
respects  with  PUurobrachia^  the  most  important  differences  being  fomid  in 
the  canal-system.  For  purposes  of  comparison  this  system  may  be  divided 
into  four  portions  as  follows:  I.  The  *' axial  system,"  consisting  of  the 
mouth,  stomach,  funnel,  and  apical  canals;  2.  The  "paraxial  system," 
comprising  the  paragastric  canals;  3.  The  "radial  system,"  comprising 
the  primary,  secondary,  and  tertiary  radial  canals ;  4.  The  "  ctenophoral 
system,"  consisting  of  the  tubes  which  run  underneath  the  locomotive  bands. 

In  Beroe^  which  is  in  other  respects  very  similar  to  PUurobrachiaj  the 
axial  system  of  canals  is  the  same  as  we  have  seen  in  the  latter.  The 
paraxial  system,  however,  consists  of  two  pairs  of  paragastric  canals, 
which,  instead  of  terminating  csecally,  open  into  a  circular  canal  which 
surrounds  the  mouth.  The  ctenophoral  canals,  likewise,  open  into  the  oral 
vessel,  instead  of  terminating  csecally  as  in  PUurobrachia.  Lastly,  the  ra- 
dial system  is  not  developed,  the  ctenophoral  canals  simply  curving  round 
towards  their  apical  extremities,  and  opening  into  the  funnel  directly. 


Fig.  117.— Ctenophora.    Cesium  yentriSt  reduced  in  size. 

Amongst  the  Beroida  the  mouth  extends  entirely  across  the  oral  ex- 
tremity of  the  body ;  hence  they  have  been  termed  Eurystomaia,  the  term 
StoMstomata  being  applied  collectively  to  all  the  other  Ctenophora. 

The  Beroida  further  differ  from  Pleurobrachia  in  being  destitute  of  the 
long  tentacular  appendages  so  characteristic  of  the  latter. 

In  Cesium^  or  "Venus's  Girdle"  (fig.  117),  "elongation  takes  place  to 
an  extraordinary  extent  at  right  angles  to  the  direction  of  the  digestive  tract, 
a  flat,  ribbon-shaped  body,  a  foot  or  more  in  length,  being  the  result." 

The  Ctoiophara  may  be  divided  into  the  following  groups  : — 

A.  EuRYSTOMATA.— Oral  aperture  large,  occupying  the  whole  of  the 

oral  extremity  of  the  body. 

1.  Beroida,     The  paragastric  canals  opening  into  a  circumoral 

ring.     No  tentacles.     Ex.  Beroe,  Idyia. 

B.  Stenostomata. — Mouth  small  and  narrow. 

2.  Saccata,     No  circumoral  canal ;  tentacles  two.     Ex.  Pleura- 

brachioy  Eschschalt%ia,  Hormtphora, 

3.  Lobata,     Body  furnished  with  a  pair  of  wing-like  oral  exten- 

sions or  lobes.     Ex.  Bolina,  Mnemia^  Eucharis,  Lesueuria. 

4.  Tctniata,     Body  ribbon-like;  no  oral  lobes;  two  tentacles. 

Ex.   CeOum, 
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CHAPTER     XVI. 

ECHINODERMATA, 

The  Echinodermata^  including  the  Sea-urchins,  Star-fishes,  Sea- 
cucumbers,  &c.,  form  a  very  distinctly  circumscribed  group  of 
the  animal  kingdom,  and  were  formerly  included  in  the  old  sub- 
kingdom  Radiata,  The  distinctness  of  the  Coelenterate  type 
from  that  of  the  Echinoderms  was,  however,  conclusively  demon- 
strated by  Leuckart ;  and  the  Cuvierian  classification  of  the  two 
groups  in  a  common  "  Radiate  "  sub-kingdom  has  been  almost 
universally  abandoned.  On  the  other  hand,  there  exist  undoubt- 
ed relationships  between  the  Echinoderms  and  certain  of  the 
lower  groups  of  Worms  {Scoiedda) ;  and  it  was  proposed  by  Pro- 
fessor Hu^dey,  on  this  ground,  to  include  both  groups  in  a  com- 
mon division  of  animals  for  which  the  name  of  Annuloida  was 
proposed.  It  appears,  however,  upon  the  whole,  most  in  ac- 
cordance with  natural  affinities  to  regard  the  Echinodermata  as 
a  distinct  primary  division  or  "  sub-kingdom,"  and  to  consider 
the  Scolecids  as  a  special  section  of  the  sub-kingdom  Annulosa. 
The  Echinodermata  may  be  defined  as  follows : — 
Simple  marine  organisms^  which  are  mostly  bilaterally^sym- 
metrical  when  youngs  but  which  in  the  adult  condition  have  this 
bilateral  symmetry  more  or  less  extensively  masked  by  a  radicU 
{usually  pentamerous)  arrangement  of  their  parts,-  An  alimen- 
tary canal  is  present^  with  or  without  a  distinct  anusy  separate 
from  the  proper  body-cavity,  A  system  of-  water-vessels ^  often 
communicating  directly  with  'the  exterior ^  and  generally  connected 
with  protrusible  tubes  {^^ feet  *%  is  present.  The  nervous  system 
is  radiate,  consisting  of  an  oesophageal  ring  and  radiating  branches. 
The  integument  is  charc^eristically  hardened  by  the  deposition  in 
it  of  carbonate  of  lime  in  the  form  ofplcUes,  granules ,  or  spicules. 
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The  members  of  this  sub-kingdom  are  known  commonly  as 
Sea-urchins,  Star-fishes,  Brittle-stars,  Feather-stars,  Sea-lilies, 
Sea-cucumbers,  &c. ;  and  though  the  fully-grown  animal  often 


Fig.  ii8.— Asteroidea.   yln:A<w/^r^i/nwM,  viewed  from  the  dorsal  aspect.   Three-fourths 
of  the  natural  size.    (After  Sir  Wyville  Thoqison.) 

exhibits  distinct  traces  of  bilaterality,  this  is  usually  more  or  less 
completely  masked  by  the  general  radiate  arrangement  of  the 
parts  of  the  body.  On  the  other  hand,  the  embryonic  Echino- 
derm  usually  shows  distinct  bilateral  symmetry.  The  outer  layer 
of  the  general  integument  ("  perisome  ")  is  ciliated,  and  the 
inner  layer  is  more  or  less  hardened  by  the  deposition  of  car- 
bonate of  lime  in  the  form  of  plates,  granules,  or  spicules.  The 
extent  to  which  this  hardening  of  the  integument  goes  on  varies 
extremely  in  different  groups  of  the  Echinoderms.  In  some 
cases,  as  in  the  Sea-urchins,  the  body  is  enclosed  in  a  continu- 


2l6  MANUAL  OF  ZOOLOGY. 

ous  series  of  calcareous  plates,  which  are  usually  immovably 
articulated  with  one  another.  In  the  Holothurians,  on  the 
other  hand,  the  exoskeleton  is  usually  reduced  to  mere  micro- 
scopic spicules  or  plates  developed  in  the  outer  layer  of  the 
body,  only  rarely  (as  in  Psolus)  assuming  the  form  of  overlap- 
ping scales.  Not  only  does  the  integument  generally  become 
hardened,  but  lime  is  also  not  uncommonly  deposited  in  cer- 
tain of  the  internal  tissues.  Thus  portions  of  the  water-vessels 
commonly  have  calcareous  spicules  developed  in  their  walls ; 
while  calcareous  plates  or  processes  may  be  produced  for  the 
attachment  of  muscles.  The  most  important  of  these  internal 
skeletal  processes  are  arched  plates  (primitively  or  permanently 
double),  which  are  developed  above  the  main  water-vessels, 
where  they  originate  from  the  central  circular  vessel  of  the 
ambulacral  system.  In  all  cases,  the  skeletal  structures  of  the 
Echinoderms  are  composed  of  calcified  areolar  or  connective 
tissue,  the  fibres  of  which  enclose  oval  or  rounded  meshes  (fig. 
123,  B),  thus  exhibiting  under  the  microscope  an  exceedingly 
characteristic  appearance. 

The  alimentary  canal  of  all  Echinoderms  is  completely  cut 
off  from  the  general  body-cavity,  and  usually  communicates 
with  the  exterior  by  both  a  mouth  and  an  anus ;  but  the  latter 
opening  is  wanting  in  the  Ophiuroids  and  in  certain  Star-fishes. 
The  alimentary  tube  may  be  straight  or  convoluted ;  and  it . 
may  give  off  (as  in  Star-fishes)  lateral  diverticula',  which  have 
a  radial  disposition,  and  some  of  which  may  extend  into  the 
radiating  divisions  of  which  the  body  is  con^osed. 

The  general  cavity  of  the  body  contains  a" watery  "perivis- 
ceral fluid,"  which  may  represent  the  blood  of  higher  animals. 
In  this  fluid  float  numerous  microscopic  bodies,  some  of  which 
are  amoeboid  masses  of  protoplasm^  resembling  the  white  blood- 
corpuscles  of  Vertebrate  animals.  The  lining  of  the  body-cavity 
being  ciliated,  a  circulation  is  kept  up  in  the  perivisceral  fluid, 
and  in  this  way  the  process  of  respiration  is  partially  carried 
on.  There  exists,  moreover,  in  the  Echinoderms  a  system  of 
vessels  which  have  usually  been  regarded  as  corresponding 
with  the  proper  blood-vessels  of  higher  animals.  This  system 
consists  essentially  of  a  circular  vessel  surrounding  the  gullet 
and  another  similar  ring  round  the  termination  of  the  intestine, 
the  two  being  connected  by  a  vertical  bundle  of  vessels,  so  united 
as  to  look  like  a  single  tube,  and  usuaUy  spoken  of  as  the 
"  heart."  Branching  vessels  are  distributed  to  various  internal 
organs,  and  the  entire  system  has  very  much  the  character  of 
the  blood-system  of  a  higher  animal.  There  is,  however,  no 
certainty  as  to  the  precise  nature  and  function  of  this  system ; 
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its  vascular  nature  being  entirely  denied  by  some,  while  it  has 
been  compared  by  others  with  the  pseudohaemal  system  of  the 
Annelides.  -  ^ 

Among  the  most  characteristic  of  all  Echinodermal  structures 
are  the  so-called  "  water- vessels  "  or  "ambulacral"  vessels. 
This  S3rstem  consists  of  a  series  of  musculo-membranous  tubes 
filled  with  a  watery  fluid,  and  connected  with  the  function  of 
respiration,  while  at  the  same  time  commonly  subserving  loco-^ 
motion.  It  consists  essentially  of  a  circular  vessel  which  sur- 
rounds the  commencement  of  the  alimentary  canal,  and  gives 
off  secondary  vessels. in  a  radiating  manner.  The  '^  radiating 
vessels  "  usiially  give  off  at  right  angles  numerous  short  lateral 
tubes  (the  "tube-feet"  or  "pedicels") ;  and  the  "circular  ves- 
sel "  is  generally  placed  in  communication  with  the  exterior  by 
a  special  canal  ("sand-canal "),  which  opens  on  the  surface  by 
a  spongy  calcareous  plate  ("  madreporite ").  Though  com- 
monly subserving  locomotion,  the  ambulacral  vessels  are  pro- 
bably primarily  respiratory  in  function  ;  and  they  not  uncom- 
monly give  off  leaf'like  ^br__braixchfi4  external  processes 
(^< ambulacral  gills"),  which  serve  as  respiratory  organs.  In 
other  cases,  the  terminal  branch^oC  the  ambulacral  vessels 
.^3136- connected  with  the  sense  of  touch.  - 

The  nervous  system  of  the  Echinoderms  consists  of  a  pen- 
tagonal ring  surrounding  the  gullet,  and  giving  off  radiating 
branches.  Though  nerve-cells  are  present,  these  are  not  aggre- 
gated into  definite  ganglia.  The  oral  nerve-ring  is  superfici- 
ally placed  as  regards  the  other  circum-oesophageal  rings — viz., 
the  vascular  and  ambulacral  rings — and  the  entire  nervous 
system  is  closely  connected  with  the  epidermal  covering  of  the 
oral  surface  of  the  body. 

With  one  or  two  exceptions,  the  sexes  are  distinct  in  all 
Echinoderms;  and  the  testes  and  ovaries  are  exceedingly 
similar  to  one  another.  As  regards  their  position,  the  genera- 
tive glands  alternate  with  the  radiating  nerve-cords  and  ambu- 
lacral vessels,  and  are  therefore  "  inter-radial,"  while  the  latter 
are"radiaL" 

The  process  of  development  is  sometimes  direct ;  but  in  the 
typical  members  of  the  class  a  characteristic  form  of  metamor- 
phosis occurs.  The  impregnated  ovum  gives  exit  to  an  ovoid 
embryo  or  "planula,"  freely  locomotive-foy  means  of  cilia, 
which  are  at  first  diffused  over  the  body,  but  which  soon  be- 
come restricted  to  transverse  bands,  or  to  definite  outgrowths 
of  the  body  ("epaulets")  which  are  disposed  with  bilateral 
symmetry.  The  larva  or  "  pseudembryo  "  (fig.  119)  next  de- 
velops an  alimentary  canal,  with  a  distinct  mouth  and  anus. 
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dividing  the  embryonic  body  into  two  bilaterally  s]rmmetrical 
halves.  A  mass  of  actively  formative  protoplasm  now  appears 
on  one  side  of  the  stomach,  within   which  are  developed  a 

circular  and  radial  tubes,  the 
whole  being  the  rudiment  of 
tlie  ambulacral  system  of  the 
future  Echinoderm,  A  sym- 
metrical calcareous  skeleton, 
not  converted  into  that  of 
the  adult,  may  be  developed 
in  the  larva  (as  in  the  £ch- 
inoids  and  Ophiuroids),  or  it 
may  be  wanting  (as  in  the 
Asteroids  and  Holothuroids). 
The  mass  of  protoplasm, 
above  mentioned  as  devel- 
oped on  one  side  of  the  stom- 
ach, rapidly  increases  in  size, 
envelops  the  stomach,  which 
it  appropriates,  and  is  ultim- 
ately converted  into  the  adult 
.  ^..      /  ft     T  iLfni    Echinoderm:  the  remainder 

Fig.  no.— Larva  of  Echinus  (after  J.  MQl-  /.     ,        ,            'i     .            i         •      j 

ler).    A  A,  Front  arms  with  their  internal  Of  the   larva   bemg  abSOrbcd 

skeleton:  F  F.  Arms  of  the  mouth-process ;  ^-.  /%«cf  nfT  oc  iic^l^cc 

B.  Posterior  side-arm ;  a  Mouth  ;  a'  CEso-  ^^  ^^^  0°  aS  USeieSS. 

phaffus ;  b  Stomach  :  V  Intestine ;  d  Cili-  The  eSSCUtial  peculiarity  of 

ated  bands ;// Ciliated  epaulets;  c  Disc  -i  ^  ^«„«.i^«.«a^4.   ^c  «.k^  «...«. 

ofthefutur;i^Ai«i«.  the  development  of  the  typ- 

ical Echinoderms,  as  above 
summarised,  is  that  the  larva  possesses  provisional  organs, 
which  may  be  ultimately  absorbed  or  thrown  off,  but  which 
are  not  converted  into  the  corresponding  structures  of  the 
adult.  Thus  the  larva  of  an  Echinoid  (fig.  119)  possesses  a 
mouth  and  alimentary  canal,  which  are  not  converted  into, 
and  in  no  way  correspond  with,  the  mouth  and  alimentary 
canal  of  the  adult.  The  larva  or  "  pseudembryo,"  as  it  is 
termed  by  Sir  Wyville  Thomson,  leads  a  perfectly  indepen- 
dent existence,  and  the  true  Echinoderm  is  produced  from 
it  by  a  process  of  internal  budding  or  rearrangement. 

Sir  Wyville  Thomson  has,  further,  shown  that  there  are 
various  cases  amongst  the  Echinoidea^  Asteroidea,  Ophiuroidea^ 
and  Holoihuroidea^  in  which  the  young  are  developed  directly 
from  the  egg,  without  the  intervention  of  a  locomotive  pseud- 
embryo.  In  these  cases,  the  eggs  are  hatched,  and  the  young 
are  brought  up,  "  within  or  upon  the  body  of  the  parent,  and 
are  retained  in  a  kind  of  commensal  connection  with  her 
until  they  are  sufficiently  grown  to  fend  for  themselves.**    There 
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is  DO  sort  of  organic  connection  in  these  cases  between  the 
young  and  the  parent ;  but  the  young  are  often  brought  up  in 
a  special  receptacle  upon  the  exterior  of  the  mother,  to  which 
the  appropriate  name  of  the  "marsupium"  has  been  given. 
This  viviparous  mode  of  reproduction  seems  to  obtain  specially 
among  the  Echinoderms  of  the  cold  northern  and  southern 


The  Echinodermata  are  divided  into  seven  orders — ^viz.,  the 
Crinotdeay  Cystoidea^  Bl<istoidea^  Ophiuroidea^  AsteroideUy  Echi- 
noideay  and  Holoihuroidea.  Of  these,  the  first  is  to  a  consider- 
able extent  extinct,  and  the  two  next  are  entirely  so ;  while 
they  exhibit  certain  structural  peculiarities  which  separate  them 
from  the  other  orders.  More  particularly,  the  members- of 
these  three  orders — ^viz.,  the  Crinoids,  Cystoids,  and  Blastoids 
— all  possess  a  dprsally-developed  jointed  calcareous  stalk, 
which  serves  to  fix  them  to  foreign  objects,  and  whiclumay  be 
only  temporarily  present.  From  the  presence  of  this  jointed 
stem,  these  three  orders  are  grouped  together  in  a  single  great 
division,  under  the  name  of  Ptlmatozoa,  On  the  other  hand, 
the  Echinoids,  Asteroids,  Ophiuroids,  and  Holothuroids  are 
devoid  of  this  stalk  at  all  periods  of  development,  and  usually 
creep  about  by  the  aid  of  their  tube-feet,  with  the  oral  surface 
of  the  body  turned  downwards.  They  are,  therefore  grouped 
together  in  a  common  division  unSer  the  name  of  Echinozoa. 


CHAPTER     XVII. 

ECHINOZOA. 

ECHINOIDEA, 

Order  Echinoidea. — The  members  of  this  order — commonly 
known  as  Sea-urchins — are  characterised  by  the  possession  of 
a  subglobosey  discoidal^  or  depressed  body,  encased  in  a  "  test "  or 
shelly  which  is  composed  of  numerous,  usually  immovably  con- 
noted, calcareous  plates.  The  intestine  is  convoluted,  and  there 
is  a  distinct  anus.  The  sexes  are  distinct,  and  the  larva  is  plutei- 
form,  and  has  a  calcareous  skeleton.  As  regards  their  general 
anatomy,  the  "  test "  of  the  Echinoidea  is  composed  of  numer-  / 
ous  calcareous  plates,  which  are  generally  firmly  united  to^ 
one  another  by  their  edges,  in  such  a  manner  that  the  body 
of  the  animal  is  enclosed  in  an  immovable  box.     In  the  singu- 
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lar  Urchins,  however,  which  constitute  the  family  of  the  Echi- 
nothutida^  the  plates  of  the  test  overlap  one  another  in  an 
imbricating  manner,  so  that  the  shell  becomes  qilf te  flexible ; 
and  the  same  is  the  case  with  some  of  the  Palaeozoic  Echinoids. 
In  all  living  Sea-urchins,  and  in  the  great  majority  of  the  ex- 
tinct forms,  the  test  is  composed  of  twenty  meridional  rows  of 
plates,  arranged  in  ten  alternating  zones  (fig.  120,  A),  which 


Fig.  X90. — Morphology  of  Echinoidea.  A,  Young  specimen  of  Stroty^ylocentrotMs 
DiifbachiensUy  viewed  from  above.  B,  Small  portion  of  the  test  of  the  same,  magni- 
fied. C,  Summit  of  the  test  of  Echinus  escnUntuSy  magnified.  D,  Cly^easUrsubtU- 
fressust  viewed  from  above,  showing  the  petaloid  ambulacra.  E,  Spine  of  Poroci- 
€Utris  pur^ratek,  F,  Pedicellaria  of  ToxopfuutUs  Uvidus.  a  a  Ambulacral  areas ; 
i  i  Interambulacral  areas ;  g  Genital  plate ;  o  Ocular  plate ;  m  Madreporiform 
tubercle ;  >  Membrane  surrounding  the  anus.  (Figs.  A,  B,  and  D  are  after  A 
Agassiz.) 

typically  pass  from  one  pole  of  the  shell  to  the  other,  and 
each  of  which  is  composed  of  two  similar  rows  of  plates.  Five 
of  these  double  rows  are  composed  of  large  plates,  which  are 
not  perforated  by  any  apertures  (fig.  120,  A  and  B,  1);  the 
zones  formed  by  these  imperforate  plates  being  termed  the 
"interambulacral  areas."  The  other  five  double  rows  of 
plates  alternate  regularly  with  the  former,  and  are  termed  the 
"ambulacral  areas,"  or  "poriferous  zones."  Each  of  these 
zones  (fig.  120,  A  and  B,  d)  is  composed  of  two  rows  of  small 
plates,  which  are  perforated  by  minute  apertures  for  the  emis- 
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sion  of  the  "  ambulacral  tubes,"  or  **  tube-feet."  In  one  great 
group  of  the  Echinoids,  the  poriferous  zones  pass  from  the 
centre  of  the  base  of  the  shell  to  its  summit,  when  they  are 
said  to  be  "perfect"  (ambulacra  perfecta)  or  "simple."  In 
another  great  group  the  poriferous  zones  are  not  thus  con- 
tinuous from  pole  to  pole,  but  simply  form  a  kind  of  rosette 
upon  the  upper  surface  of  the  shell.  In  these  cases — as  in  the 
common  Heart  -  urchins  —  the  ambulacral  zones  are  said  to 
be  "circumscript"  (ambulacra  circumscripta)  or  "petaloid" 
(fig.  1 20,  D).  Growth  of  the  test  is  carried  on  by  additions 
made  to  the  edge  of  each  individual  plate,  by  means  of  an 
organised  membrane  which  passes  between  the  sutures  where 
the  plates  come  into  contact  with  one  another.  The  plates 
of  the  test  are  studded  with  large  tubercles,  which  are  more 
numerous  on  the  interambulacral  areas  than  on  the  ambu- 
lacral (fig.  120,  B).  These  tubercles  carry  spines  (fig.  120,  E, 
and  fig.  121),  used  defensively  and  in  locomotion,  which  are 


Fig.  121. — Cidaris  papillata.     (After  Gosse.) 

articulated  to  their  apices  by  means  of  a  sort  of  "  universal " 
or  **  ball-and-socket "  joint.  Occasionally  a  small  ligamentous 
band  passes  between  the  head  of  the  tubercle  and  the  centre 
of  the  concave  articular  surface  of  the  spine,  thus  closely 
resembling  the  "round  ligament"  of  the  hip-joint  of  man. 
Besides  the  main  rows  of  plates  just  described,  forming  the 
so-called  "  corona,"  other  calcareous  pieces  go  to  make  up  the 
test  of  an  Echinus.  The  mouth  is  surrounded  by  a  coriaceous 
peiistomial  membrane,  which  contains  a  series  of  small  cal- 
careous pieces,  known  as  the  "  oral  plates " ;  whilst  a  corre- 
sponding series  of  "  anal  plates  "  is  found  in  the  membranous 
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space  or  "periproct"  (fig.  120,  C,/)  surrounding  the  opposite 
tennination  of  the  alimentary  canal.  Surrounding  the  aperture 
of  the  anus  at  the  summit  of  the  test  is  the  "  apical  disc,"  com- 
posed of  the  so-called  genital  and  ocular  plates  (fig.  120,  C). 
The  "genital  plates"  are  five  large  plates  of  a  pentagonal 
form,  each  of  which  is  perforated  by  the  duct  of  an  ovary  or 
testis.  One  of  the  genital  plates  is  larger  than  the  others,  and 
supports  a  spongy  tubercle,  perforated  by  many  minute  aper- 
tures, like  the  rose  of  a  watering-pot,  and  termed  the  "  madre- 
porite  "  or  "  madreporiform  tubercle  "  (fig.  1 20,  C,  m).  In 
some  cases,  this  tubercle  is  not  connected  with  one  of  the 
genital  plates,  but  is  placed  in  the  centre  of  the  apical  disc. 
The  genital  plates  occupy  the  summits  of  the  interambulacral 
areas.  Wedged  in  between  the  genital  plates,  and  occupying 
the  summits  of  the  ambulacral  areas,  are  five  smaller,  heart- 
shaped,  or  pentagonal  plates,  known  as  the  "  ocular  plates," 
each  being  perforated  by  a  pore  giving  exit  to  an  unpaired 
tentacle,  which  carries  no  sucker  at  its  end,  and  terminates  a 
radiating  ambulacral  vessel.  This  "ocular  tentacle"  is  pro- 
bably an  organ  of  touch,  and  it  has  been  asserted  to  be  con- 
nected with  a  minute  pigmented  body  at  its  base,  which  has 
been  supposed  to  be  an  organ  of  vision ;  but  the  existence  of 
this  "eye-spot"  is  denied  by  high  authorities. 

Besides  the  spines,  which  are  sometimes  of  a  very  great 
length,  the  test  bears  curious  little  appendages,  called  "  pedi- 
cellarige"  (fig.  120,  F),  and  originally  supposed  to  be  parasitic. 
Each  of  these  consists  of  a  stem,  bearing  two  or  three,  some- 
times four,  blades  or  claws,  which  snap  together  and  close 
upon  foreign  objects  like  the  beak  of  a  bird.  Their  action 
appears  to  be  independent  of  the  will  of  the  animal,  and  their 
true  function  is  not  known;  but  they  may  be  regarded  as 
peculiarly  modified  spines.  One  function  performed  by  the 
pedicellarix,  in  some  species  at  any  rate,  is  the  removal  of 
excrementitious  particles  of  food.  Such  particles,  on  being 
ejected  from  the  vent,  are  seized  by  the  pedicellariae,  passed 
on  firom  one  to  another,  and  ultimately  entirely  got  rid  of. 

In  almost  all  recent  Urchins,  the  test  also  carries,  as  shown 
by  Lov^n,  curious  stalked  appendages,  with  button-like  heads 
covered  with  cilia.  These  so-called  "  sphseridia  "  are  supposed 
to  be  organs  of  sense — probably  of  taste. 

The  internal  skeleton  of  the  Echinoids  is  represented  by 
the  so-called  "auriculae."  These  are  calcareous  arches  which 
are  ambulacral  or  "  radial "  in  position,  and  spring  firom  the 
inner  surface  of  the  lower  edge  of  the  test,  just  where  the  im- 
perfectly calcified  peristomial  membrane  begins.    Each  auricle 
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forms  an  arch  over  one  of  the  radiating  ambulacral  vessels, 
and  they  correspond,  therefore,  with  the  so-called  "  ambulacral 
ossicles  "  of  the  Star-fishes. 

Though  superficially  conspicuously  "radial"  in  its  sym- 
metry, the  test  of  the  Sea-urchins  can  nevertheless  be  shown, 
with  more  or  less  clearness,  to  have  also  a  bilateral  symmetry. 
This  can  be  demonstrated  by  the  position  of  such  an  unpaired 
organ  as  the  "  madreporite,"  and  is  more  conspicuously  exhi- 
bited in  the  "  Irregular  "  Sea-urchins  than  in  the  "  Regular  " 
forms,  though  recognisable  even  in  the  latter.  Thus,  if  the 
test  of  a  Regular  Sea-urchin  (fig.  121  bis)  be  viewed  from  above 


Fig.  121  Hs. — Echinoidea.     Test  ot  Echinus  esculentus,  viewed  from  above,    a  One  of 
the  ambulacral  areas  ;  ia  One  of  the  inter-ambulacral  areas. 

while  held  in  such  a  position  that  the  madreporite  is  placed 
on  the  side  farthest  from  the  spectator  and  on  his  right  hand, 
it  will  be  seen  that  facing  the  spectator  is  an  unpaired  ambu- 
lacral area  ("radius"),  while  on  the  side  nearest  him  is  an 
unpaired  interambulacral  area  ("  inter-radius  ").  A  line  drawn 
through  the  centre  of  these  two  unpaired  areas  gives  a  middle 
line  to  the  body,  the  structures  on  either  side  being  for  the 
most  part  symmetrically  disposed.  It  will  further  be  seen 
that  three  ambulacral  areas  (the  "trivium")  are  directed 
towards  the  side  farthest  from  the  spectator  (the  "anterior" 
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side);  while  two  (the  "bivium")  are  directed  "posteriorly," 
or  towards  the  side  facing  the  spectator.  The  unpaired  am- 
bulacral  area  is  therefore  "  anterior,"  and  the  unpaired  inter- 
ambulacrum  is  "  posterior."  In  the  "  Irregular  Sea-urchins  " 
the  bilaterality  is  still  more  marked,  the  unpaired  anterior 

ambulacrum  being  usually 
different  to  the  others  in 
form  or  size ;  while  the 
anus  is  commonly  placed 
on  the  ventral  side  of  the 
body,  in  the  unpaired  pos- 
terior interambulacrum. 

Locomotion  in  the  Ech- 
tnpidea  is  effected  in  part 
by  meaj^  q^the  spines, 
but  principa^Uw  the  con- 
tractile and  i^Bjlile  "tube- 
feet  "  or  "  pecRels,"  which 
are  developed  in  connec- 
tion with  the  radiating  am- 
bulacral  vessels.  The  gen- 
eral arrangement  of  the 
ambulacral  system  is  as  fol- 
lows :  From  the  perforated 
"madreporite"  (fig.  122, 
m)  upon  the  summit  of 
the  test  there  proceeds  a 
membranous  canal,  the 
walls  of  which  are  hard- 
ened by  calcareous  depo- 
sits, and  which  is  known 
as  the  "stone-canal"  or 
"  sand-canal "  (x).     By  this 

Fig.  i22.--Diagram  of  the  ambuUcral  system    C^nal  WatCr  is  COUVeycd  tO 


of  EcfuHus.     tn   Madrcporiform  tubercle ;  *  a    circular    tube    (r),    which 
Stone-canal ;  r  Central  oesophageal  nng ;  //  ,         ,  i. 

Polian    vesicles;   a  a  Radiatine   ambulacral  SUrrOUnOS    the    CeSOphagUS, 

vessels.    Only  the  bases  of  four  «f  the  radiat-  ««yl    rnn<;Hf-iifi»<!   tVi#»  ri»ntT#» 

ing  vessels  are  shown  :  and  a  few  of  the  tube-  ^",  COnStllUieS   me  CenirC 

feet  (/JL  with  their  secondary  vesicles  or  "am-  of  the   ambulacral    SyStCm. 

^^^^ull^r  ""  ""'  "''  "' '"'  "'  The  function  of  the  mad- 


ing  vessels  ari  shown  ;  and  a  few  of  the  tube-    ^<^,  COUStitUteS   the  Centre 

feet  (/JL  with  their  secondary  vesicles  or  "am-    of  the   ambulacral    SyStCm. 

11«  ..(r),  are  shown  on  one  side  of  one  of    ^^^   fonction    Of  the    mad 

reporiform  tubercle  ap- 
pears to  be  that  of  permitting  the  ingress  of  water  from 
the  exterior,  but  of  excluding  any  solid  particles  which  might 
be  injurious;  and  as  its  area  is  much  larger  than  that  of 
the  stone -canal,  it  admits  sea-water  not  only  to  the  am- 
bulacral vessels,  but   also  to  the  body-cavity.      It  should 
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be  added,  however,  that  the  admission  of  water  to  the  body- 
cavity  through  the  madreporic  tubercle  is  denied  by  Perrier. 
The  "circular  canal"  (r)  surrounding  the  gullet  is  situated 
between  the  nervous  and  blood  -  vascular  rings,  and  gives 
off  five  branches — the  "radiating  canals" — which  proceed 
radially  along  the  "  ambulacra!  areas "  in  the  interior  of  the 
shell  {a  a).  In  this  course  they  give  off  numerous  short 
lateral  tubes — the  "tube -feet" — -'which  pass  through  the 
"  ambulacral  pores "  to  gain  the  exterior  of  the  test,  and  ter- 
minate in  suctorial  discs.  Besides  the  radiating  ambulacral 
canals,  there  are  connected  with  the  circular  canal  five  special 
membranous  reservoirs  (//),  known  as  the  "Polian  vesicles" 
{ampulla  Poliana),  The  ambulacral  tubes,  or  tube-feet,  can 
be  protruded  at  the  will  of  the  animal  through  the  pores  which 
perforate  thoAm^Bl^cral  areas,  and  can  be  again  retracted. 
By  means  o|^Kse  locomotion  is  effected,  the  tube-feet  being 
capable  o^Hnrusion  to  a  length  greater  than  that  of  the 
longest  spin^  of  the  body.  The  mechanism  by  which  the 
tube  -  feet  af  e  protruded  and  retracted  is  as  follows :  Each 
tube-foot,  shortly  after  its  origin,  gives  rise  to  a  secondary 
lateral  branch,  which  terminates  in  a  vesicle.  These  vesicles 
or  "  ampullae  "  (v)  are  provided  with  circular  muscular  fibres, 
by  the  contraction  of  which  their  contained  fluid  is  forced  into 
the  tube-feet,  which  are  thus  protruded.  Retraction  of  the 
ambulacral  tubes  is  effected  by  proper  muscular  fibres  of 
their  own,  which  expel  again  the  fluid  which  has  been  forced 
into  them  by  the  ampullae.  The  terminations  of  the  tube-feet 
contain  in  many  forms  a  calcareous  rosette,  often  with  a  cal- 
careous ring  below  it,  whilst  the  walls  of  the  tube-feet  are  fur- 
nished with  calcareous  spicules. 

The  total  area  over  which  the  tube-feet  can  be  protruded 
depends  upon  the  extent  to  which  the  "  ambulacral "  or  "  por- 
iferous" zones  of  the  test  are  developed.  In  the  typical  or 
"R^fular"  Sea-urchins,  the  ambulacral  areas  are  "perfect," 
and  extend  from  pole  to  pole;  whereas  in  the  so-called 
"Irregular"  Urchins  (such  as  the  Heart-urchins  and  Cake- 
urchins)  the  ambulacra  are  "  interrupted,"  only  the  upper  por- 
tions of  the  ambulacral  zones  being  regularly  poriferous. 
Moreover,  in  such  forms  the  tube-feet  are  dissimilar;  some, 
placed  on  the  ventral  surface,  having  suctorial  discs,  while 
others  are  tactile,  and  others,  again,  are  leaf-like,  and  are 
branchial  in  function. 

.As  regards  the  digestive  system,  the  mouth  is  typically 
situated  in  the  centre  of  the  base ;  but  it  may  be  excentric ; 
and  in  one  singular  living  form  {Zeskia)  it  is  protected  by 
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valvular  calcareous  plates.  Some  forms  have  the  mouth  tooth- 
less, but  others  possess  a  complicated  masticating  apparatus. 
In  Echinus  this  consists  of  five  long,  calcareous,  rod-like  teeth, 
which  perforate  five  triangular  pyramids,  the  whole  forming  a 
singular  structure,  known  as  "  Aristotle's  Lantern  "  (fig.  1 23,  C). 


'Ou 


Fig.  123. — A,  The  masticatory  apparatus  of  an  Echinoid  (  Toxopneustes  lividus)^  viewed 
rrom  above,  with  part  of  the  alimentary  canal  attached  to  it :  a  CEsophagus;  b 
Heart,  with  the  sand-canal  {c)  in  a  groove  on  one  side ;  d  The  summit  of  the  masti- 
catory apparatus,  with  some  of  the  muscles  (<)  of  the  same.  B,  Minute  structure 
of  one  of  the  plates  of  the  test  of  an  Echinus  (greatly  magnified),  showing  the  calci- 
fied areolar  tissue.  C,  The  masticatory  apparatus  of  Echinus  escnientus^  viewed 
from  the  inside  and  laterally,  as  seen  in  place :  //  Peristomial  margin  of  the  cor- 
ona ;  g^g  Two  of  the  radiating  ambulacral  vessels,  with  their  rows  of  ampullae. 

The  "lantern "  is  placed  in  the  centre  of  the  space  included  within  the 
five  **  auriculae,"  and  consists  of  the  following  parts: — 

(i.)  Five  cutting  and  pointed  calcareous  teeth,  the  wear  and  tear  of 
which  is  compensated  for  by  the  constant  growth  of  their  upper 
or  basal  ends.     These  are  placed  vertically  within — 

(2.)  Five  folded  triangular  "alveoli,"  each  alveolus  enclosing  a  single 
tooth.     The  position  of  the  alveoli  is  interambulacral. 

(3.)  Five  horizontal  pieces,  the  "rotulje,"  which  pass  from  one  alveolus 
to  the  next,  and  are  opposite  the  auriculae,  and  are  therefore  am- 
bulacral in  position. 

(4.)  Five  spring-like  "compass-pieces"  or  " radii,"  which  pass  from  the 
apices  of  the  rotulse  upwards  and  outwards,  and  bifurcate  at  their 
extremities. 

All  the  above  parts  are  set  in  motion  by  a  complicated  series  of  striatecl 
muscles,  by  whicn  they  are  alternately  approximated  and  separated. 
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The  mouth  conducts  by  a  pharynx  and  a  tortuous  oesophagus 
to  a  stomach,  opening  into  a  convoluted  intestine,  which  winds 
round  the  interior  of  the  shell,  and  terminates  in  a  distinct 
anus.  The  mouth  is  always  situated  at  the  base  of  the  test, 
and  may  be  central,  subcentral,  or  altogether  excentric  in 
position.  The  anus  varies  considerably  in  its  position,  being 
usually  situated  within  the  apical  disc,  and  surrounded  by 
the  genital  and  ocular  plates,  when  the  test  is  said  to  be 
"regular."  Sometimes,  however,  the  anal  aperture  is  with- 
out the  apical  disc,  and  is  removed  to  some  distance  from 
the  genital  plates,  when  the  test  is  said  to  be  "irregular." 
In  this  last  case,  the  anus,  instead  of  being  apical,  is  marginal 
or  submarginal.  The  convolutions  of  the  alimentary  canal 
are  attached  to  the  interior  of  the  test  by  a  delicate  mesentery ; 
the  surface  of  which,  as  well  as  that  of  the  lining-membrane 
of  the  shell,  is  richly  ciliated,  and  subserves  the  purposes  of 
respiration. 

The  so-called  vascular  system  consists  of  a  central  fusiform 
tube  (the  so-called  "  heart  "),  which  is  enclosed  in  a  common 
sheath  with  the  sand-canal.  This  gives  off  one  vessel,  which 
forms  a  ring  round  the  intestine  near  the  anus,  and  "another 
which  passes  downwards,  and  foims  a  circle  round  the  gullet, 
above  the  "  circular  canal "  of  the  ambulacral  system.  Various 
secondary  branches  are  given  off,  and  the  entire  system  of  ves- 
sels has  been  compared  with  the  "  pseudohsemal "  system  of 
the  Annelides,  while  high  authorities  have  maintained  that  it 
is  really  of  a  glandular  nature. 

The  nervous  system  consists  of  a  circular  ring,  which  sur- 
rounds the  gullet  below,  or  superficial  to,  the  "  circular  canal " 
of  the  ambulacral  system,  and  which  sends  five  branches  along 
the  ambulacral  spaces,  in  company  with  the  radiating  ambu- 
lacral vessels. 

The  process  of  respiration  is  carried  on  principally  by  means 
of  the  tube-feet  and  their  secondary  vesicles,  on  the  one  hand, 
and  through  the  ciliated  lining  of  the  test  and  the  mesentery, 
on  the  other  hand.  In  most  of  the  Regular  Echinoids  there 
are,  in  addition,  five  pairs  of  plumose  oral  gills,  placed  in  the 
buccal  membrane,  where  it  joins  the  lower  edge  of  the  corona  of 
the  test.  These  organs  are  ciliated  internally,  and  communi- 
cate with  the  body-cavity.  In  the  Irregular  Echinoids  these 
structures  are  wanting,  but  the  tube-feet  which  issue  from  the 
petaloid  ambulacral  rosette  on  the  summit  of  the  shell  (fig. 
1 20,  D)are  modified  to  act  as  respiratory  organs  ("  ambulacral 
gills*'). 

The  sexes  are  distinct  in  all  the  Echinoidm,  and  the  repro- 


228  MANUAL  OF  ZOOLOGY. 

ducdve  organs  are  in  the  form  of  live  membranous  sacs,  which 
occupy  the  interambulacral  areas,  and  open  on  the  exterior  by 
means  of  the  apertures  in  the  genital  plates.  In  many  of  the 
"irregular"  Echinoids  (such  as  the  "Heart-urchins")  there 
are  only  four  genital  glands,  and  therefore  only  four  genital 
plates  in  the  apical  disc. 

As  regards  their  development,  most  of  the  Echinoids  pass 
through  a  metamorphosis,  as  spoken  of  previously  in  treating 
of  the  development  of  the  class.  In  these  cases  the  larva  is 
so  unlike  the  adult  animal  that  it  was  originally  described  as 
a  distinct  animal  under  the  name  of  PiuteuSj  from  its  resem- 
blance to  a  painter's  easel  (fig.  119).  The  larva  exhibits  bila- 
teral symmetry,  and  is  furnished  with  provisional  organs  in 
the  shape  of  ciliated  epaulets,  a  skeleton  of  calcareous  rods, 
and  an  alimentary  canal.  The  adult  Echinoid  is  developed 
out  of  a  portion  of  its  substance  only;  and  the  rest  of  the 
larva  is  absorbed  or  thrown  off.  In  some  Echinoids,  on  the 
other  hand,  as  we  have  seen,  the  process  of  development  is 
direct,  and  there  is  no  "  Pluteus  "  stage,  but  the  young  animal 
is  produced  viviparously,  and  simply  requires  to  grow  to  be 
converted  into  the  adult. 

The  typical  Sea-urchins  are  divided  into  the  two  great  groups 
of  the  "Irregular"  and  "Regular"  Echinoids  (or  the  Echittoi- 
dea  exocyclica  and  Echinoidea  endocyciica).  The  Irregular  Echin- 
oids have  the  anus  situated  outside  the  genital  disc,  marginal 
or  submarginal  in  position,  and  placed  in  the  unpaired  inter- 
ambulacrum.  In  some  forms,  such  as  the  Shield-urchins  and 
Cake-urchins  {Clypeasiridai),  the  mouth  is  placed  in  the  centre 
of  the  lower  surface,  and  has  a  masticatory  apparatus,  while 
five  genital  pores  are  present.  On  the  other  hand,  in  the 
Heart-urchins  {Spaiangidce\  the  mouth  is  excentric,  without 
any  masticatory  apparatus,  and  only  four  genital  pores  are 
present,  the  ambulacral  rosette  being  similarly  four -leaved. 
The  test  in  these  forms  is  generally  of  an  oblong,  heart-shaped, 
or  ovate  figure.  The  "Regular"  Echinoids,  on  the  other 
hand,  have  the  anus  placed  at  the  summit  of  the  test,  sur- 
rounded by  the  genital  disc ;  the  test  is  almost  always  circular 
or  spheroidal;  and  the  mouth  is  armed  with  a  complicated 
masticatory  apparatus. 

Another  singular  group  is  that  of  the  Echinothurida^  in 
which  the  test  is  "  regular,"  but  the  plates  of  both  the  ambula- 
cral and  interambulacral  areas  are  imbricated  and  overlap  one 
another,  rendering  the  test  quite  flexible.  The  existing  genera, 
Asihenosoma  (or  Calveria)  and  Fhormosoma,  and  the  Cretaceous 
genus  Echinoihuria  belong  to  this  group. 
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A  fourth  group  of  the  Echinoids  is  that  of  the  Perischoechi- 
fdda^  which  is  not  only  extinct,  but  is  mostly  confined  to  the 
Fakeozoic  period.  In  all  these  ancient  forms  there  is  the 
peculiarity  that  the  test  consists  of  more  than  twenty  rows  of 
plates^  there  being  a  multiplication  of  either  the  interambula- 
oral  or  the  ambulacral  plates,  though  there  are  still  only  five 
interambulacral  and  five  ambulacral  areas.  Thus  in  ArcJiceo- 
ddarisy  Falcuhinus^  Lepidechinus^  and  Eocidaris^  the  ambula- 
cral areas  agree  with  those  of  the  recent  Urchins  in  being 
composed  of  only  two  rows  of  plates ;  whilst  there  are  from 
three  to  eight  or  more  rows  of  plates  in  each  interambulacral 
area.  On  the  other  hand,  in  Melonites  and  OHgoporus^  the 
ambulacral  areas  consist,  respectively,  of  ten  and  four  rows  of 
plates.  In  some  of  the  Ferischoechinida  the  plates  of  the  test 
are  joined  by  their  edges,  as  in  the  common  living  Urchins ; 
but  in  others  {e.g,^  Lepidechinus)  the  plates  overlap  in  an  im- 
bricating manner,  as  in  the  recent  Echinothuridcs^  and  the  test 
thus  becomes  flexible. 

A  fifth  group  must  be  constituted  for  the  singular  Echinoids 
which  Zittel  has  termed  the  Bothroddarida.  In  these  the  test 
consists  of  only  fifteen  rows  of  plates,  each  ambulacral  area 
being  reduced  to  a  single  row.  The  only  known  forms  are 
found  in  the  Ordovician  Rocks. 

As  regards  their  distribution  in  space^  the  Echinoids  have  an 
extremely  wide  bathjrmetrical  range,  extending  from  between 
tide-marks  to  almost  the  greatest  depths  which  have  yet  been 
explored  by  the  dredge.  Various  forms  (such  as  the  Toxop- 
neustes  lividus  of  our  own  country)  have  the  habit  of  hollowing 
out  cavities  for  themselves  in  the  solid  rock,  in  which  they 
spend  their  existence.  Many  of  the  "  Irregular  "  Urchins  live 
buried  in  sand  or  mud. 

As  regards  their  distribution  in  time,  the  Echinoids  range 
from  the  Ordovician  period  to  the  present  day.  Most  of  the 
Palaeozoic  Urchins  belong  to  the  family  of  the  Perischoechinida^ 
the  two  principal  genera  being  ArchcBoddaris  and  Pal(Bchinus^  of 
which  the  latter  ranges  from  the  Silurian  to  the  Carboniferous, 
while  the  former  is  solely  found  in  Carboniferous  strata.  Melo- 
nites and  Oligoporus  are  exclusively  Carboniferous ;  and  Lepi- 
dechinus  and  Eocidaris  are  principally  so,  though  both  com- 
mence their  existence  in  the  Devonian.  The  only  known 
Secondary  types  of  the  PerischoUhinida  are  the  Triassic  genera 
Anaulocidaris  and  Tiarechinus ;  and  no  Tertiary  or  recent  ex- 
amples of  this  group  are  known  to  exist. 

Most  of  the  Secondary  and  all  the  Tertiary  Echinoidea  re- 
semble those  now  living  in  being  composed  of  not  more  than 
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twenty  rows  of  calcareous  plates.  The  Dolitic  and  Cretaceous 
rocks  are  especially  rich  in  forms  belonging  to  this  order, 
many  genera  being  peculiar ;  but  the  number  of  forms  is  too 
great  to  permit  of  any  selection. 

It  may  be  mentioned,  however,  that  the  singular  genus 
Echinothuria^  with  its  flexible  test,  the  predecessor  of  the  living 
Asihenosoma  and  Fhortnosoma^  is  found  in  the  Chalk. 


CHAPTER   XVin. 

ASTEROIDEA  AND  OPHIUROIDEA. 

Order  Asteroidea  i^Stdlerida), — This  order  comprises  the 
ordinary  Star-fishes,  and  is  defined  by  the  following  characters  : 
— The  body  (fig.  124)  is  star-shaped  or  pentagonal^  and  consists 


Fig.  124. — Astropecten  irregularis^  viewed  from  the  upper  surface;  tn  Madreporite. 

of  a  central  body  or  ^^disCy^  surrounded  by  Jive  or  more  lobes  or 
"  arms^'  or  "  rays^  which  radiate  from  the  body,  are  hollow^  and 
contain  prolongations  of  the  viscera.     The  body  is  not  enclosed 
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in  an  immovable  box,  as  in  the  Echinoidea^  but  the  integument 
(^^ perisome*^)  is  coriaceous^  and  is  strengthened  by  irregular  cal- 
careous plates^  or  studded  by  calcareous  spines.  No  dental  appar- 
atus is  present.  The  mouth  is  inferior ^  and  central  in  position; 
the  anus  either  absent  or  dorsal.  The  ambulacral  tube-feet  are 
protruded  from  grooves  on  the  under  surface  of  the  rays.  The 
Iqrjia  is  vermiform^  and  lias  no  pseudembryonic  skeleton. 

The  general  shape  of  the  body  varies  a  good  deal  in  dififerent 
members  of  the  order.  In  the  common  Star-fish  (Asterias^  or 
Uraster^  rubens)  the  disc  is  small,  and  is  furnished  with  long, 
finger-like  rays,  usually  five  in  number.  In  the  Cribellce  the 
general  shape  of  the  body  is  very  much  the  same.  In  the  Sol- 
asters  the  disc  is  large  and  well  marked,  and  the  rays  are  firom 
twelve  to  fifteen  in  number,  and  are  narrow  and  short  (about 
half  the  length  of  the  diameter  of  the  body).  In  the  Goni- 
asters  the  body  is  in  the  form  of  a  pentagonal  disc,  flattened 
on  both  sides ;  the  true  "  disc  "  and  rays  being  only  visible  on 
the  under  surface  of  the  body.  In  the  singular  genus  Brisinga^ 
we  have  in  some  respects  a  transitional  form  between  the 
Asteroids  and  Ophiuroids,  the  arms  being  much  longer  and 
more  slender  than  is  the  case  in  the  t)rpical  Asteroids,  at  the 
same  time  that  they  are  much  thicker  and  softer  than  is  the 
case  amongst  the  latter.  In  none  of  the  true  Star- fishes,  how- 
ever, are  the  arms  ever  sharply  separated  from  the  disc,  as  in 
the  Ophiuroidea^  but  they  are  always  an  immediate  continua- 
tion of  it. 

The  entire  upper  surface  of  a  Star-fish  is  covered  with  a 
leathery  or  coriaceous  skin,  in  which  carbonate  of  lime  is  more 
or  less  extensively  deposited.  For  the  most  part,  the  skeletal 
structures  have  the  form  of  irregular  plates  or  ossicles,  often  so 
united  as  to  form  a  sort  of  chain-armour.  Many  of  the  plates 
are  developed  into  spines,  and  some  of  these  (termed  "  pax- 
illae ")  may  have  the  form  of  a  basal  stem,  with  a  divided  or 
brush-like  end.  The  plates  on  the  lateral  margins  of  the  arms 
("marginal  plates")  are  often  specially  developed,  and  the 
ambulacral  grooves  on  the  lower  surface  of  the  arms  are  bor- 
dered on  each  side  by  a  row  of  "  adambulacral "  plates  (fig.  1 25). 
"  Pedicellariae  "  are  usually  abundantly  developed,  and  generally 
consist  of  a  short  stem  carrying  a  pair  of  pincer-like  blades. 

The  dorsal  surface  shows  the  striated  "  madreporite  "  (some- 
times more  than  one),  which  is  placed  in  the  angle  between 
two  rays  (fig.  124,  m).  When  the  Star-fish  is  held  in  such  a 
position  that  the  madreporite  is  turned  towards  the  spectator 
(as  in  fig.  124),  it  will  be  seen  that  an  unpaired  ray  is  directed 
away  from  the  spectator,  and  an  unpaired  interradius  towards 
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him.  Three  rays  ("trivium")  are  turned  forwards,  and  two 
rays  {bivium)  backwards ;  and  a  line  bisecting  the  madreporite 
and  the  unpaired  ray  gives  a  middle  line  to  the  body.  Also 
upon  the  upper  surface,  a  little  to  the  left  of  the  middle  line, 
may  be  found  the  minute  aperture  of  the  anus ;  but  this  is 
wanting  in  some  cases  (in  the  genera  Astropecten,  CtenodiscuSy 
and  Luidid), 

On  the  lower  surface  of  the  body  of  a  Star-fish  is  seen  the 
centrally-placed  mouth,  from  which  radiate  a  series  of  deep 
grooves  ("  ambulacral  grooves  "),  one  of  which  runs  along  the 
under  surface  of  each  ray  to  its  extremity.  These  grooves 
lodge  the  radiating  ambulacral  vessels,  with  their  tube-feet, 
and  the  radiating  nerve-cords,  and  they  are  not  covered  in- 
feriorly  by  the  integument  On  the  other  hand,  as  will  be 
subsequently  pointed  out  in  greater  detail,  they  are  bounded 
superiorly  by  an  internal  skeleton  (figs.  125  and  126)  composed 
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Fig.  135.  —Diagram  of  the  cross>section  of  an  arm  of  Asterias  (UrasUr)  rubens.  (After 
P.  Herbert  Carpenter.)  On  the  left  side  the  section  is  supposed  to  pass  between 
two  of  the  ambiilacral  ossicles,  but  on  the  right  side  through  one  of  then^in^.  ag 
Ambulacral  groove ;  n  Radial  nerve ;  b  Radial  blood-vessel ;  w  Radiating  ambu- 
lacral vessel ;  a  One  of  the  ampullae ;  t  One  of  the  tube-feet ;  a^  Otie  of  the 
adambulacral  plates^  s*  Marginal  spines;  /ojr  Compound  spines  ("paxilla:"); 
cv  Ovat^ ;  //  Genital  pore ;  gv  Genital  blood-vessel ;  br  Respiratory  tubes 
("  dermal  brandiis  ")  of  dorsal  integument ;  /c  Pyloric  caeca. 

of  two  longitudinal  rows  of  movable  calcareous  plates,  termed 
the  "  ambulacral  ossicles  "  (or  "  vertebral  ossicles  ").  By  means 
of  these  ambulacral  ossicles,  the  ambulacral  grooves  are  sepa- 
rated from  the  cavities  of  the  arms  themselves,  these  containing 
certain  of  the  internal  viscera,  and  being  in  reality  direct  pro- 
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longations  of  the  body.  The  only  structures  which  pass  from 
the  cavity  of  the  ray  to  the  ambulacral  groove  are  the  "  am- 
pullae" (fig.  125,  a),  which  lie  inside  the  arm,  and  become 
connected  with  the  tube-feet  by  means  of  minute  pores  between 
successive  pairs  of  ambulacral  ossicles. 

As  regards  the  internal  anatomy  of  the  Star-fishes,  the  cen- 
trally-placed mouth  is  toothless,  and  leads  into  a  large  dis- 
tensible and  protrusible  stomach,  which  gives  oflf  five  wide 
folded  lateral  pouches,  the  position  of  which  is  interradial. 
Above  these  the  stomach  contracts,  and  then  widens  into  a 
pentagonal  space  which  gives  origin  to  five  bifurcated  radial' 
caeca  of  great  length.  These  are  known  as  the  "pyloric 
caeca"  or  "hepatic  caeca,"  and  extend  into  the  cavities  of  the 
arms  (fig.  125, /r);  each  consisting  of  a  basal  stem  which  • 
divides  into  two  long  branches,  these  in  turn  giving  off  lateral 
branches  which  carry  secreting  follicles.  The  pyloric  caeca 
are  filled  with  a  brownish  fluid,  and  are  supposed  to  represent 
the  liver.  The  stomach  terminates  in  a  short  intestine,  which 
usually  ends  in  a  minute  dorsally-placed  anus.  The  intestine 
may  give  off  short  inter-radial  caeca,  the  number  of  which 
varies  in  different  Star-fishes. 

The  ambulacral  system  is  essentially  the  same  as  in  the 
Echinoids,  and  is  connected  with  the  exterior  by  means  of  a 
dorsally-placed  "  madreporite,"  two,  three,  or  more  of  these 
being  occasionally  present.  The  madreporite  admits  the  water 
to  the  short  "  stone-canal,"  which  opens  into  the  circular  vessel 
surrounding  the  gullet  The  circular  canal  carries  five  simple 
or  divided  "  Polian  vesicles,"  and  gives  off  the  radiating  ambu- 
lacral vessels..  These  run  in  the  roof  of  the  deep  ambulacral 
groove^  immediately  below  the  chain  of  ambulacral  ossicles 
(fig.  125,  w)f  and  their  number  varies  with  the  number  of  the 
arms.  Each  radiating  vessel  gives  off  two  or  four  rows  of 
cylindrical  tube-feet  or  pedicels,  the  ends  of  which  are  sucker- 
liJce  (fig.  125,  /),  and  it  is  by  means  of  these  that  the  Star-fishes 
creep  about,  mouth  downwards.  Some  forms  have  conical 
tube-feet  which  do  not  terminate  in  suctorial  discs.  The  tube- 
feet  are  protruded  by  means  of  "ampullae,"  which  spring  from 
their  bases,  and  pass  through  pores  between  successive  pairs  of 
ambulacral  ossicles,  so  as  to  gain  the  cavities  of  the  arms  (fig. 
125,  a).  The  ampullae,  therefore,  form  a  double  row  of  mem- 
branous sacs  which  lie  adove  the  chain  of  ambulacral  ossicles, 
while  the  radiating  vessel  and  tube-feet  are  d^low  the  same. 

It  follows  from  the  above  that  there  are  no  structures  in  the  Star-fishes 
which  correspond  with  the  perforated  ambulacral  plates  of  the  Echinoids. 
This  is  at  once  evident  on  examining  a  section  of  the  arm  of  a  Star-fish, 
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from  which  the  soft  parts  have  been  removed  (fig.  126).  In  such  a  section 
the  ambulacral  ossicles  {a  a)  are  seen  in  the  centre  of  the  lower  surface, 
united  movably  along  the  middle  line  by  their  inner  extremities.     They 


Fig.  126.— Section  of  the  ray  of  Asterias  {U raster)  nthetu.    a  a  Ambulacral  ossicles 
b  Position  of  the  ambulacral  vestel ;  c  c  Plates  of  the  external  skeleton ;  n  Nerve- 
cord.    The  dotted  lines  show  the  tube-feet  proceeding  from  the  ambulacral  vessel. 

are  so  placed  as  to  form  a  kind  of  elongated  pent-house,  and  immediately 
beneath  the  line  where  the  ossicles  of  one  side  are  united  to  those  of  the 
other  side  is  placed  the  radiating  ambulacral  vessel  {b).  Superficial  to 
this,  again,  is  the  nerve-cord;  so  that  the  whole  chain  of  ambulacral 
ossicles  is  placed  in  the  midst  of  the  soft  parts  of  the  animal,  and  it  is  thus 
clearly  an  internal  skeleton.  The  tube-feet,  therefore,  do  not  pass  through 
any  part  of  the  skeleton  on  their  way  to  Ihe  surface ;  the  integumentary 
skeleton  being,  in  fact,  adserU  along  the  ambulacral  areas.  There  is  thus 
no  representative  in  the  Star- fishes  of  the  "poriferous  zones"  of  the 
Echinoid  test.  On  the  other  hand,  the  ambulacral  ossicles  of  the  Star- 
fishes are  represented  in  the  Echinoids  by  the  ** auriculae." 

The  "  vascular  "  system  of  the  Asteroids  consists  of  an  oral 
and  an  aboral  or  anal  ring,  connected  by  a  central  plexus 
("heart"),  which  is  enclosed  in  a  common  sheath  with  the 
stone-canal.  Vessels  are  distributed  to  the  genital  glands  and 
stomach,  and  the  oral  ring  gives  oflf  radial  branches  (fig.  125,  ^), 
which  accompany  the  radiating  ambulacral  vessels  along  the 
ambulacral  grooves. 

Specialised  respiratory  organs  cannot  be  said  to  exist ;  but 
the  body-cavity  is  ciliated,  as  are  the  surfaces  of  the  inter- 
nal organs,  and  respiration  is  thus  subserved.  The  lining  of 
the  body-cavity  is  also  often  protruded  through  pores  in  the 
dorsal  integument  in  the  form  of  delicate  ciliated  membranous 
tubes  or  **  dermal  branchiae  "  (fig.  125,  dr),  which  doubtless  act 
as  breathing-organs. 

The  nervous  system  consists  of  a  central  pentagonal  ring, 
surrounding  the  gullet,  and  sending  band -like  radiating 
branches  along  the  ambulacral  grooves  (fig.  125,  n).  At  the 
extremity  of  each  ray  the  nerve  becomes  connected  with  a  pig- 
ment-spot or  "  ocellus,"  which  contains  lens-like  structures,  and 
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is  supposed  to  be  an  organ  of  vision.  Each  eye-spot  may  be 
surrounded  by  a  circle  of  movable  spines  or  "  eyelids."  Close 
to  the  eye-spot  is  placed  tlie  termination  of  the  radiating  am- 
bulacral  vessel,  in  the  form  of  an  unpaired  terminal  tentacle, 
which  carries  no  sucker,  and  is  probably  an  organ  of  touch. 

The  generative  organs  are  in  the  form  of  tubular  glands, 
which  resemble  bunches  of  grapes  in  form,  and  are  arranged  in 
pairs  in  each  ray.  They  discharge  their  products  by  genital 
pores  (fig.  125,  gp\  which  usually  open  in  the  angles  between 
the  arms,  generally  by  minute  sieve-like  apertures.  The  gen- 
erative glands  are  inter-radial  in  position,  though  commonly 
extending  far  into  the  cavities  of  the  arm,  below  the  pyloric 
caeca. 

In  their  development,  the  Asteroids  occasionally  show  no 
metamorphosis,  but  they  usually  present  the  same  general 
phenomena  as  are  characteristic  of  Echinoderras  generally. 
The  larvae,  however,  are  not  provided  with  a  continuous  endo- 
skeleton,  such  as  is  found  in  the  embryo  of  the  Echinoids  and 
Ophiuroids.  In  many  Asteroids  the  embryos  have  continuous 
ciliated  side-lappets,  and  exhibit  complete  bilateral  symmetry. 
Such  larvae  are  known  as  Bipinnaria ;  and  in  these,  as  in  the 
"  Pluteus  "  of  the  Echinoids,  a  large  portion  of  the  primitive 
embryo  is  ultimately  absorbed.  In  another  stage  of  devel- 
opment, the  larval  Star-fish  is  provided  with  long,  slender, 
movable  processes,  when  it  is  known  as  a  Brachiolaria, 

No  good  classification  of  the  Asteroids  has  as  yet  been  estab- 
lished. In  one  group  (Asteracanthiidci)^  represented  by  the 
common  Asterias  {Uraster)  rubens  of  British  seas,  the  tube- 
feet  are  in  four  rows  in  each  arm.  On  the  other  hand,  in 
the  Sun-stars  {Solasier\  and  in  allied  forms,  there  are  only  two 
rows  of  tube-feet  in  each  arm.  In  the  curious  family  of  the 
AstropedinidcR  (comprising  the  genera  Asiropecien^  Cienodiscus^ 
Luidia,  &c.),  there  are  also  two  rows  of  tube-feet  in  each  arm, 
-but  these  are  conical  and  do  not  end  in  suckers,  while  an 
anal  aperture  is  wanting  in  all  except  Archastcr,  Other 
groups  with  two-rowed  tube-feet  are  the  OreastridcR  and  the 
AsUrinidcB^  the  last  comprising  the  well-known  Cushion-stars 
(Goniasier)  and  the  Birds'-foot  Stars  (Falmipes),  Lastly,  a 
transition  is  effected  between  the  Asteroids  and  the  Ophiuroids 
by  the  singular  family  of  the  BrisingidcB,  in  which  the  arms 
are  long  and  rounded,  sharply  marked  off  from  the  disc,  and 
having  the  ambulacral  grooves  not  continued  to  the  mouth. 

As  regards  their  distribution  in  space,  the  Asteroids  have  a  wide 
range,  extending  from  the  littoral  zone  to  great  depths  in  the 
sea.     Upon  the  whole,  however,  they  are  shallow-water  forms.   • 
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As  regards  their  distribution  in  time^  the  Asteroids  range 
from  the  Ordovician  to  the  present  day.  In  the  Ordovician 
and  Silurian  rocks  are  many  peculiar  types  {Palaaster^  Stenas- 
ter,  Palmodiscus^  Fetraster,  &c).  In  the  later  Palaeozoic  rocks 
Star-fishes  are  not  abundant ;  but  many  generic  types,  some  of 
which  still  survive,  are  known  from  the  Secondary  formations 
(such  as  Flumaster^  GoniasteTy  Astroptctm^  Oreaster,  Astro- 
goniuMy  Goniodiscus,  &c.).  The  Tertiary  Star-fishes  are  few  in 
number,  and  belong  to  existing  generic  types. 

Ophiuroidea, 

Order  Ophiuroidea. — Body  stdlaie^  consisting  of  a  central 
**  ^/jr,"  in  which  the  viscera  are  contained^  and  of  elongated 
"  arms"  which  are  sharply  separated  from  the  discj  solid^  not 
containing  prolongations  of  the  alimentary  canal^  and  not  fur- 
nished inferiorly  with  ambulacral  grooves.  Larva  generally 
pluteiform^  with  a  skeleton. 

This  order  comprises  the  small  but  familiar  group  of  the 
•*  Brittle-stars "  and  "  Sand-stars,"  often  grouped  along  with 
the  Asteroidea,  to  which  they  are  nearly  allied.  The  body  in 
the  Ophiuroidea  (fig.  128)  is  discoidal,  and  is  covered  with 
granules,  spines,  or  scales,  but  pedicellariae  are  wanting. 
From  the  body  proceed  long  slender  arms,  which  may  be 
simple  or  branched,  but  which  do  not  contain  any  prolonga- 
tions from  the  stomach,  nor  have  their  under  surface  excavated 
into  ambulacral  grooves.  The  arms,  in  fact,  are  not  simple 
prolongations  of  the  body,  as  in  the  Asteroidea,  but  are  special 
appendages,  superadded  for  locomotive  and  prehensile  pur- 
poses. Each  arm  (fig.  127)  is  enclosed  by  four  rows  of  cal- 
careous plates,  one  on  the  dorsal  surface,  one  on  the  ventral 
surface,  and  two  lateral  The  lateral  plates  generally  carry 
more  or  less  well-developed  spines.  In  the  centre  of  each 
arm  is  an  internal  skeleton,  which  occupies  the  greater  part  of 
the  space  included  within  the  integumentary  plates,  and  which 
consists  of  a  succession  of  separate  quadrate  joints  or  "  ossi- 
cles," which  are  articulated  together,  and  united  by  muscles. 
These  ossicles  represent  the  "ambulacral  ossicles"  of  the 
Star-fishes ;  but  each  of  them  is  composed  of  two  lateral  ossi- 
cles immovably  united  in  the  middle  line,  and  not  movably 
joined  together,  as  in  the  Asteroids.  Immediately  below  the 
chain  of  ambulacral  ossicles  runs  the  radiating  ambulacral 
vessel  (fig.  127,  w)y  and  underneath  that  again  are  the  radial 
blood-vessel  and  nerve-cord  {b  and  n).  The  radiating  ambu- 
lacral vessel  gives  off  the  tube-feet,  but  the  ambulacral  grooves, 
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instead  of  being  open  as  in  Star-fishes,  are  closed  in  inferiorly 

by  the  ventral  arm-plates.    Hence  the  tube-feet  can  only  reach 

the  exterior  through  pores  placed  between  the  lateral  and 

ventral  plates  of  the  arm.     The  cross-section  of  the  arm  (fig. 

127)  shows  this  further  important  distinction   between   the 

Ophiuroids    and  the  Asteroids — viz., 

that  in  the  former  there  is  no  wide  ex-  u 

tension  of  the  body-cavity  lying  above 

the   chain  of  ossicles,  and  containing 

prolongations  of  the  internal   organs, 

such  as  occur  in  the  latter. 

The  mouth  in  the  Ophiuroids  is 
placed  in  the  centre  of  the  lower  sur- 
face of  the  body,  and  is  surrounded 
with  a  complicated  system  of  plates, 
some  of  which  have  been  spoken  of  as 
"  teeth,"  though  they  can  hardly  have 
any  masticatory  function.  The  mouth 
opens  directly  into  a  wide  membranous  Fig. 
stomach,  but  there  is  no  intestine,  and 
therefore  necessarily  no  anus,  while 
the  stomach  gives  off  no  lateral  di- 
verticula. 

The  vascular  system  is  built  upon 
the  same  type  as  in  the  Asteroids, 
consisting  of  an  oral  and  an  aboral 
ring,  united  by  an  intervening  plexus, 
which  is  enclosed  in  a  common  sheath 
with  the  stone-canal.  Radial  blood-vessels  (fig.  127,  ^)  also 
accompany  the  radiating  nerves  and  ambulacral  tubes.  The 
nervous  system  has  the  same  form  as  in  the  Asteroids. 

The  ambulacral  system  is  constructed  upon  essentially  the 
same  plan  as  in  the  Asteroids  and  Echinoids,  but  its  place  as 
a  locomotive  apparatus  is  taken  by  the  arms.  The  madre- 
porite  is  placed  on  the  inferior  surface  of  the  body,  and  is  con- 
fluent with  one  of  the  large  inter-radial  plates  surrounding  the 
mouth.  There  is  a  short  stone-canal  leading  into  a  circular 
canal,  w^hich  carries  the  "  Polian  vesicles,"  of  which  there  are 
usually  four.  From  the  circular  vessel  are  given  off  the  radi- 
ating ambulacral  vessels,  which  run  in  the  interior  of  the  arms, 
underneath  the  chain  of  ambulacral  ossicles  (fig.  127,  a/),  and 
give  out  the  tube-feet  These  latter  are  tentacle-like,  without 
terminal  suckers,  and  the  ampullae  are  only  represented  by 
their  dilated  bases.  The  tube -feet  nearest  the  mouth  are 
specially  modified,  and  are  used  in  feeding  as  organs  of  touch. 


wj.  —  Diagram  of  the 
cross-section  of  the  arm  of 
an  Ophiuroid  (slightly  al- 
tered from  Sladen).  ao 
Ambulacral  ossicle,  immov- 
ably united  with  the  corre- 
sponding ossicle  of  the  oppo> 
site  side ;  u  Superior  plate 
of  the  arm ;  s  Lateral  plate ; 
/  Inferior  plate ;  n  Radial 
nerve  -  cord  ;  b  Radiating 
blood-vessel ;  w  Radiating 
ambulacral  vessel ;  /  Tube- 
foot  ;  a  Ampulla. 
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The  reproductive  organs  are  placed  inter-radially,  and  their 
ducts  open  into  singular  folded  pouches,  or  "  bursae,"  which 
in  turn  communicate  with  the  exterior  by  means  of  slit-like 
openings  (the  "  genital  fissures  "),  which  are  placed,  singly  or 
in  pairs,  on  the  sides  of  the  arms  inferiorly,  at  their  junction 
with  the  disc  (fig.  128,  C).     Not  only  do  these  pouches  serve 


Fig.  ia8. — Ophiuroidea.  Ophiogly^ha  lacertosa.  A,  Outline  of  the  natural  size :  B. 
The  disc  viewed  from  above^  twice  the  natural  size  ;  C,  The  disc  viewed  from  below, 
showing  the  mouth  and  genital  fissures,  twice  the  natural  size.  '(Original.) 

for  the  emission  of  the  generative  products,  but  they  also  have 
the  sea-water  admitted  into  their  interior,  and  thus  serve  as 
respiratory  organs. 

The  development  of  the  Ophiuroids  is  sometimes  direct, 
the  young  being  brought  forth  alive,  and,  in  some  cases,  being 
carried  by  the  mother  for  some  period  after  hatching  (Wyville 
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Thomson).  More  commonly  there  is  a  pluteiform  embryo, 
which  resembles  that  of  the  Echinoids  in  having  a  provisional 
endoskeleton.     The  embryo  (fig.  129)  is  furnished  with  long 


Fig.  J29. — Pluteus paradoxus^  the  larva  of  an  Ophiuroid  {Ophioglypha  ciliata)  in  an 
advanced  state  of  development  (after  J.  MQller).  The  larva  shows  the  temporary 
processes  and  provUional  skeleton  of  the  embryo,  together  with  the  stellate  body  of 
the  adalL 

slender  locomotive  processes  or  arms,  and  the  adult  is  formed 
on  one  side  of  the  primitive  stomach,  the  larval  arms  and 
their  contained  rods  being  ultimately  wholly  absorbed. 

There  are  two  principal  groups  of  the  Ophiuroids,  the  typical 
forms  {Ophiurida)  having  simple  unbranched  arms,  the  under 
sides  of  which  are  covered  with  dermal  plates.  In  this  group 
are  the  common  Sand-stars  {Ophioglypha^  fig.  128,  Ophiothrixy 
&€,).  In  the  group  of  the  Euryalida^  on  the  other  hand,  the 
arms  are  usually  branched,  and  have  their  lower  surfaces  cov- 
ered with  a  soft  skin,  while  there  are  ten  genital  fissures.  A 
well-known  example  of  this  group  is  the  Medusa-head  Star 
(AsUrophyton)y  in  which  the  arms  are  divided  from  the  base, 
at  first  dichotomously,  and  then  into  many  branches. 

The  Ophiuroids  are  widely  distributed  at  the  present  day, 
being  found  in  all  seas,  and  ranging  from  between  tide-marks 
to  great  depths.  Fossil  forms  of  the  order  are  known  to 
occur  in  rocks  as  old  as  the  Silurian  (^.^.,  Protaster), 
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CHAPTER   XIX. 

PELMATOZOA. 

Crinoidea,  Cystoidea,  and  Bi^stoidea. 

The  three  groups  of  Echinoderms  known  as  the  Crinoids,  Cys- 
toids,  and  Blastoids  agree  with  one  another  in  certain  common 
characters,  and  may  be  included  in  a  single  primary  section 
termed  Pelmatozoa,  In  all  these  forms  the  body  is  fixed, 
either  permanently  or  temporarily,  by  a  jointed  stem  or  pedun- 
cle developed  from  the  dorsal  surface,  the  mouth  bemg  placed 
on  the  opposite  side  of  the  body.  In  its  fully  developed  con- 
dition, the  peduncle  has  the  form  of  a  jointed  stem,  containing 
a  neuro-vascular  axis  in  its  interior.  The  body  itself  is  en- 
closed in  a  variously  modified  series  of  calcareous  plates, 
which  represent  the  apical  disc  of  the  Echinoids,  and  the 
upper  surface  may  be  provided  with  jointed  appendages  (the 
"  arms  ").  The  circular  ambulacral  vessel  has  no  direct  com- 
munication with  the  exterior,  and  the  radiating  ambulacral 
vessels  (when  present)  are  respiratory  in  function,  and  are  not 
subservient  to  locomotion. 

Order  Crinoidea. — The  members  of  this  order  are  Echin- 
oderms, in  which  the  body  is  fixed,  during  ike  whole  or  a  por- 
tion of  the  existence  of  the  animal^  to  the  sea-bottom  by  means  of  a 
jointed,  flexible  stalk  or  peduncle,  which  springs  from  the  centre 
of  the  dorsal  or  aboral  surface.  The  body  is  cup-shaped  or  dis- 
coidal,  and  its  dorsal  surf  ace  is  protected  by  a  system  of  chlcareous 
plates.  The  mouth  is  situated  on  the  upper  surface,  generally  in 
the  centre.  From  the  margin  oftke  cup-shaped  body  spring  jointed 
flexible  appendages  or  ^^  arms^^  wkick  are  primitively  five  in 
number,  and  which  carry  lateral  jointed  processes  or  ^^ pinnules, ^^ 
The  upper  or  ventral  surfaces  of  the  arms  are  furnished  with 
grooves  corresponding  with  tke  ^^ ambulacral  grooves*^  of  the 
Asteroids,  Tke  ambulacral  system  does  not  communicate  directly 
with  the  exterior,  and  is  ?iot  connected  witk  locomotion.  The 
reproductive  organs  are  situated  beneatk  tke  skin  in  tke  grooves 
on  tke  ventral  surface  of  tke  arms  or  pinnules.  Tke  embryo  is 
primitively  free  and  ciliated,  but  gives  origin  to  a  second  larval 
form,  wkick  develops  a  jointed  stalk  of  attackment. 

As  the  type  of  the  Crinoidea,  we  may  take  the  common 
Feather-stars  (Comatula  or  Antedon),  The  Feather-stars  be- 
long to  a  group  of  Crinoids  which  are  known  as  "  Sessile  " 
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Crinoids,  because  they  are  not  permanently  fixed,  but  are 
only  attached  by  a  stalk  when  young.  Taking  the  common 
British  species — the  Comatula  rosacea  (fig.  130) — as  a  con- 


Fig.  130. — Crinoidea.    Comatula  rosacea^  a  free  Crinoid,  viewed  from  its  dorsal 
or  aboral  aspect. 

venient  example,  the  adult  is  free,  and  the  pentagonal  disc- 
like body  gives  origin  to  five  "  arms,"  which  bifurcate  almost 
directly  so  as  to  give  rise  to  ten  long  slender  processes,  which 
are  transversely  jointed,  and  are  fringed  on  both  sides  by 
delicate  "pinnulae,"  The  dorsal  surface  of  the  body  carries 
a  number  of  delicate  jointed  flexible  processes  ("cirri"),  by 
means  of  which  the  animal  can  moor  itself  to  foreign  objects, 
with  the  mouth  turned  upwards.  It  can,  however,  detach 
itself  at  will;  and  swims  readily  by  an  alternate  movement  of 
the  arms  of  the  right  and  left  sides  of  the  body. 

The  dorsal  integument  of  Comatula  is  hardened  by  the  for- 
mation within  it  of  a  system  of  calcareous  plates  which  form 
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the  so-called  "  cup"  or  "  calyx,"  and  which  are  to  be  regarded 
as  the  homologue  of  the  ''apical  disc"  of  the  £chinoids. 
The  central  piece  of  the  calyx  (" centrodorsal  plate")  has 
soldered  on  to  it  five  "radial"  plates,  which  represent  the 
"  ocular  plates  "  of  the  Echinoids.  Properly  speaking,  there 
should  intervene  between  the  "  centrodorsal "  and  the  "  radial " 
plates  a  circle  of  plates  corresponding  with  the  "genital 
plates  "  of  the  Echinoids.  This  intermediate  circle  of  plates 
is  present  (as  the  so-called  "basal"  plates)  in  the  "stalked" 
Crinoids,  but  takes  no  part  in  the  formation  of  the  exterior  of 
the  calyx  in  the  ordinary  Feather-stars.  The  first  "  radials " 
are  followed  by  two  other  circles  of  radial  plates  (the  "  second 
radials  "  and  axillary  "  radials  "),  the  outermost  circle  carrying 
the  bases  of  the  jointed  arms. 

The  upper  or  ventral  surface  of  the  body  is  covered  with  an 
imperfectly  calcified  coriaceous  skin,  and  carries  the  aperture 
of  the  mouth.  In  Comatula  rosacea  the  mouth  is  central,  as 
it  is  in  all  the  ordinary  Crinoids ;  but  in  some  Feather-stars 
(Actinometra)  it  is  quite  excentric  The  anus  is  usually  sup- 
ported on  a  tubular  projection,  and  is  excentric  in  position. 
The  arms  of  Comatula  rosacea  exhibit  on  their  ventral  surface 
a  deep  "  brachial  groove,"  the  elevated  margins  of  which  are 
cut  out  into  minute  crescentic  respiratory  leaves,  at  the  base 
of  each  of  which  is  a  group  of  three  tentacles,  connected  with 
a  cavity  in  the  interior  of  the  respiratory  leaf,  and  communi- 
cating by  a  common  trunk  with  the  radiating  ambulacral 
vessel.  The  floor  of  the  brachial  grooves  is  ciliated,  and 
underneath  each  runs  a  radiating  ambulacral  vessel,  together 
with  a  blood-vascular  trunk,  and  a  peculiar  fibrillar  "sub- 
epithelial band,"  which  has  been  shown  to  be  of  a  nervous 
nature.  In  the  centre  of  the  arm,  between  the  calcareous 
skeleton  and  the  water- vessel,  are  three  tubular  prolongations 
of  the  body-cavity.  The  middle  and  largest  one  of  these  (fig. 
i3i>  ^')  contains  one  of  the  generative  glands;  while  the 
upper  and  lower  (the  "  sub-tentacular  "  and  "  coeliac  "  canals) 
are  much  smaller,  and  permit  of  a  circulation  of  water  derived 
from  the  body-cavity.  The  slender  lateral  "  pinnules  "  carried 
by  the  arms  have  precisely  the  structure  of  the  arms  themselves 
as  regards  their  internal  anatomy. 

The  ciliated  grooves  on  the  ventral  aspect  of  the  arms  are 
continued  over  the  upper  surface  of  the  disc  to  reach  the  sub- 
centrally  or  excentrically  placed  mouth ;  and  the  animal  feeds 
upon  the  minute  organisms  conveyed  to  the  mouth  by  the 
water-currents  set  up  along  these  grooves.  The  mouth  opens 
into  a  spirally-coiled  alimentary  tube,  which  forms  the  so-called 
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"visceral  mass,"  and  is  wholly  contained  within  the  calyx,  no 
diverticula  from  it  extending  into  the  arms. 

The  ambulacral  system  consists  of  a  circumoral  ring, 
without  any  direct  communica- 
tion with  the  exterior,  and  of  the 
radiating  ambulacral  vessels  which 
run  along  the  brachial  grooves. 
These  give  off  the  tube -feet, 
which  are  destitute  of  suckers, 
and  are  essentially  respiratory  in 
function.  The  circular  ring  com- 
municates by  five  or  more  water- 
tubes  with  the  body -cavity,  to 
which  the  sea-water  is  freely  ad- 
mitted by  minute  pores  in  the 
body-wall;  and  the  fluid  which 
fills  the  ambulacral  system  is  thus 
derived  from  the  general  cavity 
of  the  body. 

The  vascular  system  is  extraor- 
dinarily developed,  and  its  upper 
portion  consists  of  an  oral  ring, 
a  central  plexus  ("heart"),  and 
of  numerous  branches  connected 
with  these.  There  is  no  aboral 
vascular  ring,  but  the  vessels  be- 
come connected  inferiorly  with  a 
singular  quinquelocular  structure 
known  as  the  "chambered  organ," 
which  is  contained  within  the 
centrodorsal  plate  of  the  calyx. 
The  chambered  organ  is  enclosed 
in  a  peculiar  fibrillar  sheath,  the 
nature  of  which  will  be  spoken 
off  immediately,  and  it  sends  pro- 
longations into  all  the  arms,  along  canals  contained  within 
the  skeleton  of  the  latter,  and  also  into  the  dorsal  cirri. 

In  the  Crinoids  generally,  the  structure  of  the  vascular  system  is  much 
the  same  as  it  is  in  Comatula  up  to  a  certain  point.  Occupying  the  dorso- 
ventral  axis  of  the  body  is  a  lobated  structure  homologous  with  the  '*  heart" 
of  the  Asteroids,  and  like  it  consisting  of  numerous  closely-packed  vessels. 
Dorsally,  these  resolve  themselves  into  a  central  group  (of  one  or  more), 
and  five  peripheral  vessels,  the  latter  expanding  in  the  lower  part  of  the 
calyx  into  the  five  chambers  of  the  **  chambered  organ."  In  the  Pedun- 
culate Crinoids  the  chambers  narrow  again,  and  the  group  of  vessels^  is 
continued  down  the  central  canal  of  the  column.    In  PentacrittuSj  which 


Fig.  131. — Cross-section  of  a  pinnule 
of  the  Arctic  Feather-star,  magnified 
seventy-five  times.  (From  Ludwig, 
after  P.  H.  Carpenter.)    >>  Galea- 

groove ;  n  Radial  nerve ;  b  Radial 
blood-vessel ;  w  Ambulacral  vessel ; 
T,  Tentacle:  cv  Ovary,  with  the 
sub-tentacular  canal  above,  and  the 
coeliac  canal  below;  jr/ Genital  blood- 
vessel. 


reous  skeleton,  containing  the  axial 
nerve  -  cord    (a)  ;     4^    Ambulacral 
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has  cirri  at  regular  intervals,  the  five  peripheral  vessels  expand  in  each 
cirrus-bearing  joint  into  five  dilatations,  which  thus  give  rise  to  a  miniature 
**  chambered  organ,"  each  chamber  of  which  gives  off  a  single  vessel  to  a 
cirrus.  In  the  body,  the  vascular  axis  is  connected  with  (i)  a  large  net- 
work of  vessels  round  the  alimentary  canal,  (2)  an  extensive  plexus  beneath 
the  ventral  surface  of  the  disc,  in  which  vessels  arise  that  run  out  into  the 
arms  and  enclose  the  genital  glands,  and  (3)  a  plexus  of  convoluted  tubes 
depending  from  the  oral  blood-vascular  ring,  in  which  the  radial  vessels  of 
the  arms  originate  (P.  H.  Carpenter). 

The  nervous  system  of  the  Feather-stars  is  also  extraordi- 
narily developed  as  compared  with  that  of  the  other  Echino- 
derms.  As  has  been  previously  seen,  there  is  found  under 
the  floor  of  each  of  the  brachial  grooves  a  fibrous  nerve-band 
(fig.  131,  «),  which  corresponds  morphologically  with  one  of 
the  radiating  nerve-fibres  of  a  Star-fish.  These  radial  nerves 
are  connected  with  a  circumoral  ring,  and  appear  to  be  wholly 
sensory  in  function.  In  addition  to  these,  the  "chambered 
organ,"  above  spoken  of  in  connection  with  the  vascular  sys- 
tem, is  enclosed  in  a  peculiar  fibrillated  sheath,  which  has 
been  shown  by  Dr  W.  B.  Carpenter  to  be  of  a  nervous  nature, 
and  to  have  a  motor  function.  This  fibrillated  sheath  of  the 
chambered  organ  gives  off  a  series  of  radial  prolongations 
or  "axial  cords"  (fig.  131,  a),  which  occupy  a  median  canal 
within  the  skeleton  of  the  arms,  and  which  are  also  con- 
tinued into  the  pinnules.  In  the  stalked  Crinoids  the  fibrillar 
nerve-sheath  is  likewise  prolonged,  along  with  the  blood- 
vessels, into  the  central  canal  of  the  column  or  peduncle. 
No  representative  of  this  peculiar  system  of  motor  nerves  is 
known  in  the  ordinary  Echinoderms. 

Though  free  in  its  adult  condition,  the  Feather-star  passes 
through  a  stage  of  its  development  in  which  it  is  attached 
by  a  delicate  jointed  stalk  to  some  foreign  object  (fig.  132). 
When  first  discovered  in  this  condition  it  was  supposed  to  be 
a  distinct  type  of  the  Crinoids,  and  was  described  under  the 
name  of  Pentacrinus  Europaus.  The  Comatula^  therefore, 
represents  temporarily,  in  this  stage  of  its  development,  the 
permanent  condition  of  the  Pedunculate  Crinoids. 

As  regards  the  development  of  Cotnatula^  the  larva  is  at  Hrst  cylindrical, 
with  four  transverse  bands  of  cilia,  a  hinder  tuft  of  cilia,  and  an  alimentary 
canal  furnished  with  a  lateral  aperture,  its  general  aspect  closely  resembling 
that  of  the  embryos  of  certain  Annelides.  The  skeleton  of  the  calyx  is 
developed  anteriorly,  that  of  the  column  posteriorly,  the  former  being  the 
first  to  appear.  In  its  early  condition  (6g.  132)  the  calycine  skeleton  con- 
sists of  a  row  of  five  *'  basal  plates  "  (3),  which  rest  below  upon  the  so-called 
**  centrodorsal  plate "  (r</),  and  are  succeeded  above  by  a  cycle  of  five 
*^  oral "  plates  (0),  in  the  centre  of  which  the  permanent  mouth  is  finally  de- 
veloped.    Five  "  radial "  plates  (r)  are  next  developed  as  a  cycle  between 
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the  oral  and  basal  plates ;  and  to  the  radials  are  rapidly  added  the  plates  of 
the  arms  prop>er  (the  "  brachial "  plates).  Inferiorly,  the  centrodorsal  plate 
rests  upon  a  short,  jointed  column  (6g.  132,  r),  the  lowest  plate  of  which 
is  esmanded  to  form  a  disc  of  attachment ;  and 
the  larva  now  passes  into  what  is  known  as 
its  "Pentacrinus  stage/*  In  the  further  pro- 
gress of  growth  the  arms  increase  in  length, 
and  the  oral  plates  diminish  in  size  and  ulti- 
mately disappear.  At  the  same  time  the  cen- 
trodorsal plate  increases  in  size,  so  as  to  en- 
close the  basal  plates,  which  in  turn  become 
fused  with  one  another,  and  remain  only  as 
the  so-<:alled  "rosette"  on  the  upp>er  surface 
of  the  centrodorsal.  The  latter  also  develops 
jointed  cirri  from  its  outer  surface,  and  Bnally 
becomes  detached  from  the  next  joint  of  the 
column  below,  when  the  animal  enters  upon 
its  free  stage  of  life. 

As  regards  the  essential  features  in 
their  anatomy,  the  "  Stalked  "  Crinoids 
do  not  differ  materially  from  the  "  Ses- 
sile "  forms  of  the  group.  More  par- 
ticularly, there  is  a  substantial  identity 
in  structure  in  the  two  sections  of 
the  order  as  regards  the  form  and  ar- 
rangement of  the  alimentary  canal,  the 
ambulacral  and  vascular  systems,  and  d 
the  nervous  and  reproductive  organs. 
A  Pedunculate  Crinoid,  such  as  Pen- 
tacrinus  (fig.  133)  or  Rhizocrinus  (fig. 
136),  consists  of  a  cup-shaped  body  or 
"calyx,"  which  encloses  the  principal 
viscera,  and  is  furnished  with  a  crown 
of  pinnate  "arms,"  and  which  is  at- 


Fig.  132. — \jKn9i  oi  Comatula 
CAntedtm)  rosacea.,  enlarged 
(after  Sir  Wyville  ThomsonX 
o  o  Oral  plates ;  r  r  Radial 
plates ;  b  b  Basal  plates  ;  cd 
Centrodorsal  plate;  c  Col- 
amn ;  d  Disc  of  attachment. 


tached  to  some  foreign  object  by  means  of  a  stalk  or  "  col- 
umn," composed  of  a  number  of  calcareous  pieces  or  "  articu- 
lations." In  some  cases  (as  in  Apiocrinm)  the  base  of 
the  "  column  "  is  considerably  expanded.  In  other  cases  the 
column  is  simply  "  rooted  by  a  whorl  of  terminal  cirri  in  soft 
mud"  (Wyville  Thomson).  The  column  may  be  extremely 
short,  or  even  wanting,  or  may  reach  the  extraordinary  length 
of  sixty  or  seventy  feet  The  whole  column  is  composed  of  a 
series  of  ring-like  or  pentagonal  joints,  which  are  movably 
articulated  with  one  another,  and  are  furnished  with  specisJ 
muscles,  the  joint  surfaces  often  having  a  very  elaborate  struc- 
ture, and  the  entire  stem  possessing  in  the  living  state  a  larger 
or  smaller  amount  of  flexibility.  Very  often  more  or  fewer  of 
the  column-joints  carry  lateral  jointed  processes  or  "cirri" 


Fig.  133.— -Pcuiacnuus  *yfaclcayanits^  a  living  stalked  Crinoid,  slightly  enlarged. 
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^fig.  133).  Each  joint  of  the  stem  is  perforated  centrally  by  a 
canal,  which  lodges  an  extension  from  the  "  chambered  organ  " 
and  its  fibrillar  nerve-sheath. 

The  column  carries  at  its  summit  the  cup-shaped,  pyriform, 
or  bursiform  body  of  the  animal,  which  is  termed  the  "calyx." 
As  the  column  is  produced  from  the  aboral  pole  of  the  animal, 
it  is  the  dorsal  side  of  the  calyx  which  is  turned  downwards, 
while  the  ventral  or  oral  side  is  turned  upwards.  The  dorsal 
or  inferior  side  of  the  calyx  is  entirely  enclosed  in  a  series 
of  polygonal  calcareous  plates  closely  articulated  with  one 
another,  and  having  the  following  general  arrangement  (fig. 
134).     Resting  directly  upon  the  summit  of  the  highest  joint 


Fig.  X 34. —Diagram  of  the  dissected  calyx  of  Rhodocrinus^  a  "dicyclic"  Crinoid,  viewed 
from  below  (after  Schultze).  b  Under-basals ;  p  Basals ;  r  First  radials ;  i  Inter- 
ladials ;  a  Anal  plates. 

of  the  column  is  the  basal  portion  of  the  calyx  ("  basis  "),  con- 
sisting of  a  single  or  double  row  of  articulated  plates.  In 
certain  Crinoids  (**  monocyclic  "  forms)  there  is  only  a  single 
row  of  plates  in  the  basis,  and  these  are  known  as  the  "  basals." 
In  other  forms  (termed  "  dicyclic  ")  the  basis  consists  of  two 
circles  of  plates,  in  which  case  the  plates  of  the  lowest  circle 
are  known  as  the  "  under-basals  "  (^%,  134,  b\  while  the  plates 
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of  the  second  circle  are  the  "basals."*  The  "basals"  in 
both  cases  are  inter-radial  in  position,  and  correspond  with  the 
"genital  plates  "  in  the  " apical  disc  "  of  the  Echinoids.  Suc- 
ceeding to  the  basals,  and  alternating  with  them,  are  two  or 
three  cycles  of  plates,  which  are  directly  superimposed  upon 
one  another  in  longitudinal  rows,  and  which  form  the  founda- 
tions of  the  arms.  These  are  known  as  the  "radials"  (fig. 
i34>  '')»  and  are  termed  " primary  radials,"  "  secondary  radials," 
and  "tertiary  radials,"  according  to  their  distance  from  the 
basals.  The  last  radial  plates,  or  those  furthest  from  the 
column,  give  origin  to  the  plates  of  the  arms  ("brachial" 
plates).  The  radial  plates  are  arranged  in  a  series  of  vertical 
columns,  which  radiate  from  the  summit  of  the  basals  to  the 
bases  of  the  arms.  Between  the  diflferent  columns  of  radial 
plates,  however,  there  may  be  intercalated  certain  other  smaller 
plates,  which,  from  their  position,  are  termed  "  inter-radials  " 
{fig.  134,  /) ;  while  one  of  the  inter-radial  spaces,  corresponding 
with  the  anus,  is  usually  much  wider  than  the  others,  and  is 
furnished  with  an  additional  series  of  cal- 
careous pieces,  which  are  termed  "anal 
plates"  (fig.  134,  a).  From  the  margins  of 
the  calyx,  where  the  dorsal  and  ventral 
surfaces  join  one  another,  arise  the  "  arms  " 
(fig.  133).  These  are  composed  of  numer- 
ous calcareous  joints,  movably  articulated 
together,  and  furnished  with  proper  mus- 
cles. The  arms  are  usually  primarily  five 
in  number,  but  they  generally  bifurcate 
almost  directly  after  their  origin,  and  the 
branches  thus  produced  again  subdivide,  a 
crown  of  delicate  feathery  filaments  being 
thus  formed.  The  arms  carry  on  their  sides 
delicate  jointed  filaments  or  "  pinnules " 
(fig.  135),  the  structure  of  which  repeats 
that  of  the  arms  upon  a  smaller  scale.  The 
upper  surface  of  the  arms  and  pinnulae  is 
covered  with  a  soft  membrane,  and  below 
this  •  are  placed  the  reproductive  organs. 
The  generative  organs  are  therefore  not 
placed  within  the  calyx,  and  it  follows  of  necessity  that  there 
is  no  generative  opening  or  "  ovarian  aperture "  in  the  walls 

*  In  the  nomenclature  of  some  writers,  the  plates  of  the  dicyclic  calvx 
are  known  respectively  as  the  "basals"  and  "parabasals";  but  the 
nomenclature  of  Dr  P.  Herbert  Carpenter,  employed  above,  undoubtedly 
expresses  the  true  homologies  of  the  monocyclic  and  dic3rclic  forms. 


Fig-  135.— Portion  of  an 
arm  of  PlaiyerinnSt 
showing  the  lateral 
pinnulae. 
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of  the  calpL  The  ventral  surfaces  of  the  arms  and  pinnulse 
are  furnished  with  grooves,  which  in  the  living  species  are 
seen  to  be  covered  with  vibratile  cilia.  The  brachial  grooves 
coalesce  till  they  constitute  five  primary  grooves,  which  are 
continued  from  the  bases  of  the  arms  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant  current  of  sea- 
water,  bearing  organic  matter  in  suspension ;  and  this  current 
proceeds  from  the  brachial  grooves  to  the  mouth.  In  this 
way  the  animal  obtains  its  food.  As  the  bases  of  the  arms 
are  separated  from  the  mouth  by  an  intervening  space,  it 
foUowsr  that  the  brachial  grooves  are  continued  over  the 
ventral  surface  of  the  calyx,  till  they  reach  the  oral  opening. 

In  all  the  hving  and  in  many  extinct  forms  of  Crinoids,  the 
ventral  surface  of  the  calyx,  usually  covered  by  a  leathery  skin 
with  scattered  calcareous  ossicles  or  plates,  exhibits  the  central 
or  sub-central  aperture  of  the  mouth,  to  which  the  ciliated 
brachial  grooves  converge.  It  also  shows  the  excentrically- 
placed  anus,  often  supported  upon  a  tubular  projection,  or 
"proboscis."  All  those  forms  which  have  been  grouped  to- 
gether by  Dr  P.  Herbert  Carpenter  under  the  name  of  Neo- 
crinoids,  have  the  mouth  and  food-grooves  thus  exposed  to 
view.  On  the  other  hand,  in  a  large  number  of  forms,  mostly 
Palaeozoic  in  their  range,  the  upper  surface  of  the  calyx  is 
covered  by  a  dome  of  articulated  calcareous  plates,  and  does 
not  exhibit  either  brachial  grooves  or  a  mouth-opening.  The 
only  opening  which  is  seen  in  the  ventral  surface  of  the  calyx 
is  an  excentric,  often  proboscidiform,  aperture,  which  seems  to 
be  certainly  the  anus.  The  forms  which  exhibit  this  type  of 
structure  are  known  as  the  "  Palaeocrinoids  " ;  and  it  has  been 
shown  that  in  these  the  brachial  grooves  are  continued  from 
the  bases  of  the  arms,  as  covered  passages  or  tunnels,  to  a  cen- 
trally-placed oral  opening,  the  whole  being  concealed  from 
view  by  the  plated  integument  of  the  ventral  surface  of  the 
calyx. 

As  regards  the  distribution  in  space  of  the  Crinoids,  the  order 
is  represented  by  comparatively  few  forms  in  recent  seas,  and 
these  have  mostly  a  very  local  distribution.  The  majority  of 
living  forms  belong  to  the  sessile  division  of  the  order,  more 
than  150  species  of  Camatula  (in  the  wide  sense)  being  known, 
ranging  from  82^  N.  lat  to  Kerguelen's  Land,  but  most  abun- 
dant in  the  tropics.  The  different  forms  of  Comatula  have  been 
described  under  various  subordinate  types  {Aniedon,  Actino- 
nutra,  Comaster^  Phanogenia^  &c.).  On  the  other  hand,  the 
Pedunculate  Crinoids,  which  abounded  in  the  earlier  periods 
of  the  earth's  history,  are  now  represented  by  fewer  than  forty 
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species,  belonging  to  some  half-a-dozen  genera  {PentacrinuSy 
Rhizocrinusy  BathycrinuSy  HyocrinuSy  Metacrintis,  and  Holopus)^ 
ranging  from  less  than  loo  fathoms  down  to  depths. of  2500 

fathoms.  The  most  abun- 
dant recent  Stalked  Crinoids 
belong  to  the  genus  Penta- 
crinus.  The  little  Rhizo- 
crinus  Lqfoiensis  (fig.  136) 
occurs  in  the  North  Atlantic, 
and  is  of  interest  as  being 
a  modem  representative  of 
the  Mesozoic  family  of  the 
"Pear-Encrinites"  {Apiocrin- 

As  regards  their  distribu- 
tion in  timcy  the  pedunculate 
Crinoids  attained  their  maxi- 
mum in  the  Palaeozoic  pe- 
riod, fi*om  which  time  they 
have  gradually  diminished 
down  to  the  present  day. 
On  the  other  hand,  the  free 
Crinoids  are  comparatively 
modem,  and  seem  to  have 
reached  their  maximum  at 
the  present  day.  As  has  al- 
ready been  pointed  out,  the 
older  forms  of  Crinoids  (Pa- 
laeocrinoids)  differ  in  some 
important  particulars  from 
those  which  succeeded  them. 
The  order  is  well  represented 
in  the  Silurian,  Devonian, 
and  Carboniferous  rocks,  but 
especiallyin  the  latter;  many 
Carboniferous  limestones 
^    ^ .   .,       „,.  ,  ,  (crinoidal     limestones     and 

Fig.  136.— Cnnoidea.   Rhtxocnnus  Lo/ottnsis^    ^     .        i     i  ui^  \       u    • 

a  living  Crinoid  (after  Wyville  Thomson),    CntrOChal       marbles;       Demg 
^ourur^thcxAtyxn^sizt.   a  Stem ;  3  Calyx  ;    almOSt      entirely      made      Up 

of  the  columns  and  separ- 
ate joints  of  Crinoids.  In  the  Secondary  rocks  Crinoids 
are  still  abundant.  In  the  Trias  the  beautiful  "Stone- 
lily"  {Encrinus  liliiformis)  is  peculiar  to  its  middle  divi- 
sion (Muschelkalk).  In  the  Jurassic  period  occur  many 
species  of  Apiocrinus  (Pear-encrinite),  PentacrinuSy  and  Extra- 
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crinus.  The  Chalk  also  abounds  in  Crinoids,  amongst  which 
is  a  remarkable  unattached  form  (the  Tortoise-encrinite  or 
MarsupUes). 

Of  the  non-pedunculate  Crinoidea^  which  are  a  decided  ad- 
vance upon  the  stalked  forms,  there  are  comparatively  few 
traces ;  but  remains  of  forms  (such  as  Saccosoma  and  Solano- 
crinus)  allied  to  the  recent  Comatulce  have  been  found  in  the 
Jurassic  and  Cretaceous  deposits. 

Order  Cystoidea. — This  order  includes  Echinoderms  in 
which  the  body  (or  "  calyx  ")  is  spherical  or  ovcUe^  and  is  enclosed 
in  a  case  composed  of  more  or  fewer  articulated  calcareous  plates^ 
which  are  usually  irregularly  arranged^  and  do  not  exhibit  perfect 
radial  symmetry.  Some  of  the  plates  of  the  ccUyx  are  perforated 
by  pores  or  slits,  communicating  with  internal  tubular  organs 
("  hydrospires  "),  the  functions  of  which  are  partly  respiratory 
and  partly  reproductive,  A  jointed  column  may  be  present  or 
absent.  The  upper  surface  of  the  calyx  shows  radiating  ambulacral 
grooves,  a  centred  oral  aperture,  and  a  lateral  ancU  (?)  opening, 
with  sometimes  a  small  ovarian  (?)  opening.  Arms  are  imperfectly 
developed  or  wanting. 

The  members  of  this  order  are  all  extinct,  and  are  entirely 
confined  to  the  Palaeozoic  period.     The  body  (fig.  137)  was. 


Fig.  137. — Hemisc0smit€s  pyri/ortttis^  one  of  the  Cystideans.    The  right 'hand 
figure  shows  the  upper  siuface  of  the  calyx. 

typically,  more  or  less  spherical  or  pyriform,  and  was  protected 
by  an  external  skeleton,  composed  of  numerous  polygonal  cal- 
careous plates  accurately  fitted  together  and  enclosing  all  the 
viscera  of  the  animal.  The  body  was  in  most  cases  perma- 
nently attached  to  the  sea-bottom  by  means  of  a  jointed  calca- 
reous "  column,"  or  peduncle,  but  this  Was  much  shorter  than 
in  the  majority  of  Crinoids,  and  was,  rarely,  altogether  absent. 
Upon  the  upper  surface  of  the  body  were  two,  sometimes  three. 
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apertures,  the  functions  of  which  have  been  a  matter  of  con- 
siderable controversy.  The  central  aperture  may  be  regarded 
as  certainly  the  mouth,  as  to  it  converge  the  ambulacral  grooves, 
which  correspond  with  the  "  food-grooves  "  of  recent  Crinoids. 
The  lateral  aperture  was  defended  in  many  cases  by  a  valvular 
pyramid  of  calcareous  plates,  and  there  seems  little  reason  to 
doubt  that  it  was  anal  in  function.  The  third  aperture  is  of 
small  size,  and  only  occasionally  present  It  may  represent  an 
ovarian  aperture,  but  this  cannot  be  regarded  as  certain. 

The  arms  of  the  Cystideans  are  always  imperfectly  devel- 
oped, and  are  placed  in  the  neighbourhood  of  the  mouth. 
They  vary  from  two  to  five  in  number,  are  often  very  short, 
and  are  never  branched.  Only  in  one  form  (Comarocystiies)  do 
they  carry  lateral  pinnulae. 

The  most  remarkable  organs  in  the  Cystoids  are  the  so-called 
"  hydrospires."  These  have  the  form  of  folded  lamellar  tubes, 
which  are  suspended  in  the  body-cavity  internally,  and  com- 
municate with  the  exterior  by  pores  or  slits  in  the  plates  of  the 
test.  The  hydrospires  may  be  compared  with  the  folded  sacs 
or  "  bursae  "  of  the  Ophiuroids,  into  which  the  generative  ducts 
open  internally,  and  which  open  externally  by  the  slit-like 
"  genital  clefts."  Like  the  "  bursae  "  of  the  Ophiuroids,  the 
"  hydrospires  "  may  be  supposed  to  be  partly  respiratory  and 
partly  reproductive  in  their  function. 

As  regards  their  distribution  in  time,  the  Cystideans  are 
exclusively  confined  to  the  lower  portion  of  the  Palaeozoic 
series,  being  especially  characteristic  of  the  Ordovician  rocks. 
The  last  known  forms  of  the  order  occur  in  the  Devonian  rocks. 

Order  Blastoidea. — This  order  comprises  Echinoderms  in 
which  the  body  {^^calyx^*)  is  pyri/orm,  ovate,  or  globular,  and  is 
attached  by  a  short  jointed  peduncle,  which  is  in  some  cases  want- 
ing. The  body  exhibits  complete  rctdial  symmetry,  and  is  enclosed 
in  an  armour  of  articulated  calcareous  plates.  The  upper  surface 
exhibits  five  petaloid  ambulacra,  which  radiate  from  the  mouth, 
this  latter  being  superior  and  central,  and  being  concecUed  by  a 
vault  of  small  calcareous  plates,  as  also  are  the  ambulacral  grooves 
themselves.  Small  jointed  appendages  or  ^^  pinnules  "  are  attached 
to  the  sides  of  the  ambulacral  grooves,  "  Hydrospires,''  opening 
by  five  or  ten  openings  placed  round  the  mouth,  are  present. 

The  members  of  this  order,  like  those  of  the  preceding,  are 
all  extinct,  and  are  entirely  confined  to  the  Palaeozoic  period. 
The  body  or  "calyx"  (fig.  138)  is  generally  pyriform  or  ovate^ 
and  is  enclosed  in  an  extremely  complicated  test,  the  details 
of  which  cannot  be  here  discussed.  The  dorsal  side  of  the 
calyx  is  formed  by  three  "basals,"  five  "radials,"  and  five 
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"  inter-radials  " ;  and  there  may  or  may  not  be  a  short  jointed 
"  column,"  by  which  the  body  was  attached  to  the  sea-bottom. 
The  upper  surface  of  the  body  exhibits  five  wide,  petal-shaped 


Fig.  138. — Morphology  of  Blaatoidea.  n  Pentremites  ^vri/ormis^  viewed  sideways, 
showing  a  portion  of  the  column  ;  b  Summit  of  the  calyx  of  Pentremites  cervinus, 
showing  the  ambulacral  areas  and  the  apical  apertures  ;  c  Side  view  of  Granatocrin- 
ns  mehnoides;  d  Summit  of  Granatocrintts  fuglectus,  (Fies.  a  and  b  are  of  the 
natural  size  ;  c  and  d  are  slightly  enlarged.)    After  Hall,  and  Meek  and  Worthen. 

ambulacra,  each  of  which  is  centrally  grooved.  These  un- 
doubtedly correspond  with  the  brachial  grooves  ("food-grooves'*) 
of  the  upper  surface  of  the  calyx  of  the  Crinoids,  and,  like  the 
latter,  doubtless  served  to  convey  currents  of  water  to  the 
centrally -placed  mouth.  In  perfectly  preserved  specimens, 
both  the  mouth  and  the  ambulacral  grooves  are  found  to  be 
covered  over  with  a  plated  membrane  of  small  calcareous 
ossicles.  On  each  side  of  each  ambulacral  groove  was  fixed 
a  single  or  double  row  of  small  jointed  "pinnulae."  The 
"  hydrospires,"  lastly,  have  the  form  of  folded  lamellar  tubes, 
which  are  essentially  the  same  in  structure  as  they  are  in  the 
Cystoids,  and  probably  the  same  in  function.  The  hydrospires 
of  the  Blastoids  differ,  however,  from  those  of  the  Cystideans 
in  many  important  particulars  as  regards  their  construction  and 
communication  with  the  exterior.  They  are  usually  arranged 
in  ten  groups,  connected  with  tubes  running  underneath  the 
ambulacra,  opening  externally  by  pores  on  the  sides  of  the 
ambulacral  grooves,  and  also  communicating  with  the  exterior 
by  five  or  ten  comparatively  large  openings  ("  spiracles  ")  placed 
round  the  mouth. 

As  regards  their  distribution  in  time^  the  Blastoids  are  not 
only  exclusively  Palaeozoic,  but  have  a  limited  range,  the 
earliest  forms  appearing  in  the  higher  part  of  the  Silurian 
.formation,  while  the  last  are  found  in  the  Carboniferous  Lime- 
stone. It  is  in  the  latter  formation  that  the  Blastoids  attain 
their  maximum  development.  The  most  familiar  genus  is 
Pentremites, 
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CHAPTER    XX. 


HOLOTHUROIDEA. 


Order  Holothuroidea. — Vermiform  or  slug -like  Echino- 
derms^  with  a  leathery  skin^  in  which  calcareous  grains^  plates, 
or  spicules  are  developed.  The  mouth  and  anus  are  more  or  less 
completely  terminal  in  position.  The  circumoral  ambulacral 
vessel  gives  off  prolongations  to  retractile  tentacles  plcu:ed  round  the 
mouth  ;  and  the  mculreporite  commonly  does  not  communicate 
directly  with  the  exterior.  The  larva  has  no  pseudembryonic 
skeleton. 

The  members  of  this  order  are  commonly  known  as  "  Sea- 
cucumbers,"  "  Trepangs,"  or  "  B^ches-de-mer,"  and  are  the 
most  worm-like  of  all  the  Echinoderms,  presenting  consider- 
-  able  resemblances  to  the  Spoon-worms  (Gephyrea),  The  body 
.  is  elongated  and  vermiform,  or  sometimes  slug-shaped,  often 
showing  bilateral  symmetry  to  a  greater  or  less  extent.  The 
mouth  and  anus  are  placed  at  the  anterior  and  posterior  ends 
of  the  body  respectively,  though  in  some  forms  shifted  to  some 
extent  towards  the  ventral  side;  and  the  mouth  is  surrounded 
iDy  a  crown  of  tentacles  (fig.  139). 

^-  -  There  is  no  proper  "  test,"  but  the  skin  contains  numerous 
isolated  calcareous  bodies,  of  special  forms  in  different  types. 
These  calcareous  structures  may  be  globular,  wheel-shaped, 
spicular,  anchor-shaped,  &c.,  and  in  rare  cases  (as  in  Fsolus) 
have  the  form  of  imbricated  scales,  constituting  a  kind  of 
external  case.  Within  the  proper  skin  is  a  muscular  layer, 
composed  of  an  outer  circular  and  an  inner  longitudinal 
stratum.  The  longitudinal  layer  is  divided  into  five  principal 
bands,  which  are  inserted  anteriorly  into  a  calcareous  circum- 
oral ring,  and  each  of  which  is  longitudinally  bisected  by  a 
radiating  ambulacral  vessel  (when  this  exists)  and  by  a  radial 
nerve-cord.  The  calcareous  ring  just  spoken  of  consists  of 
a  series  of  plates,  generally  ten  in  number,  surrounding  the 
gullet,  of  which  five  may  be  regarded  as  corresponding  with 
the  "  auriculae  "  of  the  Echinoid  test ;  but  the  entire  structure 
is  very  imperfectly  developed  in  some  Holothurians. 

The  tentacles  which  surround  the  mouth  (fig.  139)  are 
retractile  hollow  processes,  containing  prolongations  from  the 
circular  ring  of  the  ambulacral  system.  The  tentacles  vary 
much  in  form,  being  sometimes  digitate  or  feather-like,  but 
being  more  usually  either  branched  in  an  arborescent  manner 
(as  in  the  Dendrochirota),  or  provided  with  shield-like  exten- 
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sions  {AspidochirotaY     In  function,  the  tentacles  may  be  con- 
sidered as  largely  connected  with  respiration.  \ 
As  regards  the  digestive  system,  the  toothless  mouth  opens  ^ 
into  a  funnel-shaped  pharynx,  which  in  turn  passes  into  the 
proper  alimentary  canal.       This   continues    with   unaltered 
width,  usually  describing  various  convolutions  in  its  course, 


w 


Fig.  ijg.  —  Cucnmnria  frondosa^ 
showing  the  crown  of  feathery 
tentacles  round  the  mouth  and 
the  rows  of  tube-feet. 


Fig.  i^ — Holothuroidea,  Semi-diagrammatic 
longitudinal  section  of  a  Holothurian.  / 
Tentacles ;  r  Calcareous  ring  at  the  base  of 
the  tentacles  :  p  Polian  vesicle  ;  *  Sand- 
canal  ;  i  ii  Alimentary  canal  ;  g  Duct  of 
the  reproductive  organs ;  cl  Cloaca ;  a  Anus ; 
/  /  Respiratory  tree. 


to  the  opening  of  the  anus  at  the  hinder  end  of  the  body.  In 
all  those  forms,  however,  which  possess  a  "  respiratory  tree," 
the  alimentary  canal  terminates  in  a  large  muscular  chamber 
or  "cloaca"  (fig.  140,  r/),  which  opens  on  the  exterior  by  the 
anus.  The  alimentary  CAnal  is  connected  with  the  wall  of  the 
body  by  a  delicate  mem  iranous  "  mesentery  " ;  and  the  body- 
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cavity  is  filled  with  a  watery  fluid  containing  floating  corpuscles. 
This  fluid  is  kept  in  motion  by  the  cilia  covering  the  external 
surface  of  the  intestine  and  other  internal  organs. 

The  vascular  (pseudohaemal  ?)  system  consists  of  a  principal 
dorsal  and  ventral  vessel  running  along  opposite  sides  of  the 
intestine,  together  with  an  oral  plexus,  from  which  proceed 
radial  vessels ;  but  in  most  cases  there  is  no  central  plexus  or 
"  heart,"  such  as  occurs  in  most  Echinoderms. 

Respiration  is  carried  on  partly  by  the  tentacles,  and  partly 
by  the  ciliated  mesentery  and  lining  of  the  body-cavity.  In 
many  Holothurians  —  hence  termed  Pneumonophora  —  there 
are  in  addition  two  branched  tubular  organs,  which  spring 
posteriorly  from  the  cloaca  and  extend  forwards  into  the  body- 
cavit}',  constituting  the  so-called  "  respiratory  tree  "  or  "  water- 
lungs"  (fig.  140,//).  Water  is  admitted  to  the  respiratory 
tree  from  the  cloaca,  and  gains  access  to  the  body-cavity  by 
minute  pores  in  the  ends  of  the  branches  of  the  tree.  The  so- 
called  "  Cuvierian  organs  "  are  peculiar,  thread-like,  or  tubular 
structures,  opening  into  the  cloaca  or  into  the  stem  of  the 
respiratory  tree,  and  usually  regarded  as  performing  some 
excretory  function. 

The  ambulacral  system  varies  greatly  in  its  development, 
but  the  circular  oral  ring,  with  its  branches  to  the  tentacular 
crown,  is  always  present.  In  many  Holothurians  there  is  only 
a  single  "Polian  vesicle,"  often  of  great  length  (fig.  140,  b)^ 
attached  to  the  circular  ring ;  but  there  may  be  two,  five,  or 
many  vesicles.  The  stone-canal  is,  typically,  a  short  diverti- 
culum of  the  ring-canal,  extending  into  the  body-cavity,  and 
terminating  in  a  dilated  extremity  or  **  madreporite,"  which  is 
strengthened  by  calcareous  spicules,  and  covered  by  epithelium. 
In  these  cases,  therefore,  the  stone-canal  (fig.  140,  s)  hangs 
down  freely  into  the  body-cavity,  and  the  fluid  which  fills  the 
ambulacral  vessels  is  derived  from  the  body-cavity.  In  other 
forms,  however  (viz.,  in  the  Elasipoda),  the  stone-canal  termin- 
ates in  a  madreporite  which  is  either  connected  with  the  dorsal 
integument  in  the  middle  line,  or  actually  opens  on  the  sur- 
face. When  fully  developed,  the  oral  ring  gives  off  backwards 
five  radiating  ambulacral  vessels,  which  divide  the  body  into 
an  equal  number  of  longitudinal  segments  or  lobes.  The 
tube-feet  given  off  by  the  radiating  vessels  may  be  irregularly 
scattered,  or  each  of  the  latter  may  give  off  a  double  row  of 
tube-feet  (as  in  Cucumariay  fig.  139),  which  perforate  the  in- 
tegument, their  free  ends  terminating  in  suckers,  and  their 
bases  being  provided  with  internall f-placed  "ampullae."  In 
such  cases,  the  rows  of  tube-feet  are  divisible  into  a  ventrally- 
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placed  series  of  three  rows  ("  trivium  "),  and  a  dorsally-p]aced 
series  of  two  rows  ("  bivium  ").  In  most  cases,  the  tube-feet 
of  the  dorsal  rows  are  less  developed  than  those  of  the  ventral 
rows,  or  they  may  be  aborted  altogether  (as  in  Fsolus) ;  while 
in  the  Synaptida  there  are  no  radial  vessels  at  all.  Lastly,  the 
tube-feet,  when  present,  may  terminate  simply  in  conical  ends 
and  may  be  devoid  of  suckers.  ^ 

The  nervous  system  has  the  form  characteristic  of  the  Eclv\\^ 
inoderms,  consisting  of  an  oral  ring,  sending  backwards  fivey 
branches,  which  accompany  the  radiating  ambulacral  vessels.  >'^ 

The  reproductive  organs  in  all  Holothurians  have  the  form 
of  a  number  of  csecal  tubes,  which  lie  freely  in  the  body^ 
cavity,  and  unite  to  form  a  single  excretory  tube,  opening  | 
externally  on  the  upper  surface  within  or  without  the  tenta-  j 


t 
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Fig.  i4i.~Larva  of  Holothuria  tubiilosa  in  its  natural  position,^  magnified.    (After 
Selenka.)    The  arrow  indicates  the  axis  of  rotation. 

cular  crown.  Generally  there  is  a  right  and  left  bundle  of 
generative  tubes,  but  sometimes  only  those  on  the  left  side 
are  developed. 

In  some  Holothurians  development  is  direct,  the  young 
being  carried  about  by  the  mother,  adhering  to  the  tube-feet 
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of  the  dorsal  ambulacra.  More  usually  there  is  a  metamor- 
phosis, though  this  is  not  so  extensive  as  in  the  Echinoids 
and  Asteroids.  The  larval  Holothurian  exhibits  bilateral 
symmetry,  and  swims  about  by  means  of  a  continuous  longi- 
tudinal ciliated  band  (fig.  141),  which  enables  it  to  rotate  in 
a  nearly  vertical  position,  with  the  mouth  at  its  upper  end 
and  the  anus  at  its  lower  end.  After  a  time  the  ciliated  band 
breaks  up  into  a  series  of  transverse  rings,  and  the  embryo 
becomes  barrel-shaped,  when  it  is  known  as  an  ^^ AuriculariaJ** 
At  this  stage  the  stone-canal  opens  on  the  exterior ;  but  this 
connection  is  in  most  cases  lost  with  advancing  development 
Ultimately  the  body  elongates,  the  tentacles  appear,  and  the 
Vv  adult  Holothurian  is  gradually  produced.  The  embryo  resem- 
"Ijles  that  of  the  Star-fishes  in  having  no  provisional  skeleton. 

There  are  three  principal  divisions  of  the  Holothurians.  In  one  of  these 
divisions — the  so-called  Pedata — are  comprised  most  of  the  ordinary  Holo- 
thurians, such  as  Holothuria  and  Cucumaria  (fig.  139),  all  of  which  possess 
tube-feet  or  pedicels,  and  have  a  "  respiratory  tree."  The  oral  tentacles 
may  be  arborescent  {Dmdrochirota)^  or  shield-like  {Aspidockirota),  The 
body  is  fusiform,  or  pentagonal,  or  flattened  below  and  convex  above,  with 
more  or  less  marked  bilateral  svmmetry. 

In  a  second  great  section — the  so-called  Apoda — there  are  no  tube-feet, 
and  the  body  is  worm-like  or  fusiform,  without  any  clear  demarcation  be- 
tween the  dorsal  and  ventral  surfaces,  while  the  tentacles  are  mostly  pin- 
nate or  digitate.  Some  of  these  Apodous  Holothurians  (Apmumona), 
such  as  Synapia  and  Ckirodoiay  have  no  respiratory  tree  and  no  radial 
ambulacral  vessels.  On  the  other  hand,  forms  like  Molpadia  possess  a  re- 
spiratory tree  {Pneumonophora\  and  also 
have  radiating  ambulacral  vessels.  The 
Synapta  are  singularly  worm-like,  and 
burrow  in  sand  or  mud,  which  they 
swallow  for  the  purpose  of  obtaining 
J^QY  %\  II  //r'^^  ^'^y  disseminated  nutrient  particles. 
)  01  ^  / 1  //f^r!^  They  often  form  a  kind  of  protective 
^0q7  Vk^JT  //  ifio^  *^^^  ®^  ^"^  °^  sand -grains,  and  the 
\Si^  Sjfi^l^f^  ^^^  integument  is  furnished  with  innumer- 
^^  'Sr        able  anchor-shaped  spicules  (fig.   142), 

Fig.  i42.-Anchor- shaped  spicules  of  attached  to  special  " anchor- pUtes." 
Synaptat  and  the  plates  to  which  In  Chirodota,  the  skin  is  provided  with 
these  are  attached.  Afa^mfied  greatly,    microscopic  calcareous  wheels  in  place 

of  anchors. 
The  third  great  section  of  Holothurians  has  been  termed  by  Theel  EUut- 
poda,  and  comprises  some  of  the  most  abnormal  types  of  the  order.  The 
body  in  these  forms  (fig.  143)  is  more  or  less  bilaterally  symmetrical,  often 
slug-like,  with  a  flat  or  concave  ventral  side,  and  a  convex  dorsal  surface. 
Very  often  the  dorsal  surface  carries  long,  conical,  non-retractile  tentacular 
processes.  The  skin  is  fUmished  with  calcareous  plates,  wheels,  or  spicules. 
The  madreporite  is  single,  never  depending  freely  into  the  body-cavity, 
but  either  fixed  to  the  dorsal  integument  in  the  middle  line,  or  piercing 
the  body-wall,  and  communicating  with  the  exterior  by  one  or  several 
pores.  A  respiratory  tree  is  wantmg,  and  the  ambulacral  ampullae  are 
often  much  modified. 
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As  regards  their  distribution  in  space^  the  Holothurians 
enjoy  a  nearly  world-wide  range.  The  ordinary  types  {Pedata 
and  Apodd)  are  mostly  inhabitants  of  shallow  seas,  or  live 


t 


Fig.  i^yScoioplatus  globcsoy  an  Elasipodous  Holothurian,  (after  Th^cl).  A,  Ventral 
side ;  B,  Dorsal  side,  m  Mouth,  surrounded  by  the  tentacles  (/) ;  /  Dorsal  non- 
retractile  processes ;  a  Anal  opening. 


between  tide-marks.  Some  of  the  larger  forms  occur  in  vast 
abundance  on  the  coral-reefs  of  the  Pacific,  one  species  {Holo- 
thuria  argus)  being  largely  used  for  food.  The  Elasipoda^  on 
the  other  hand,  are  essentially  deep-sea  forms,  extending  their 
range  to  2600  fathoms,  and  appearing  to  be  represented  in  all 
seas. 

With  regard  to  their  distribution  in  time^little  can  be  stated, 
as  the  hard  parts  of  the  koiothunans  are  mostly  microscopic 
in  size,  and  therefore  naturally  difficult  of  detection.  Struc- 
tures which  have  been  regarded  as  referable  to  the  calcareous 
plates  of  Chirodota  occur  in  the  Carboniferous  Limestone,  and 
similar  bodies  are  found  in  the  Jurassic  rocks;  while  the 
plates  of  Psolus  have  been  detected  in  Post-Tertiary  deposits 
in  Bute. 
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CHAPTER   XXI. 

I.  General  Characters  of  the  Annulosa.  2.  Divisions 
OF  Annulosa.  3.  General  Characters  of  the  Sco- 
LECiDA.    4.  Characters  of  the  TiENiADA. 

Sub-kingdom  Annulosa. — The  Annulose  animals  are  charac- 
terised by  the  possession  of  a  body  which  is  usually  more  or  less 
elongated^  and  is  always  bilaterally  symmetrical^  instead  of  being 
radially  disposed.  Very  commonly  the  body  is  divided  into  similar 
(homonomous)  segments^  which  may  be  definite  or  indefinite^  and 
are  arranged  along  an  antero-posterior  axis.  Lateral  appendages 
may  be  absent  or  present^  and  when  present^  are  symmetrically 
disposed.  A  nervous  system  is  present^  and  consists  of  one  or  two 
ganglia  placed  in  the  anterior  part  of  the  body^  or  of  a  ventrally- 
pkued  double  gangliated  chain. 

The  association  of  the  Scolecida  with  the  normal  Annulose 
animals  renders  necessary  an  exceedingly  general,  and  there- 
fore correspondingly  vague,  definition  of  the  sub-kingdom 
Annulosa.  The  sub-kingdom  may,  however,  be  divided  into 
the  foUowing  three  primary  sections,  each  of  which  admits  of 
being  characterised  in  a  sufficiently  definite  manner : — 

I.  Scolecida. — This  division  includes  the  parasitic  worms 
{Entozoa),  the  Wheel-animalcules,  and  some  adlied  forms,  and 
is  characterised  by  having  an  elongated  or  a  flattened  body, 
which  may  have  an  annulated  integument,  but  which  is  not 
at  all,  or  but  imperfectly  segmented  A  water-vascular  system 
is  present,  but  is  not  concerned  with  locomotion.  There  is 
no  true  blood-vascular  system,  and  the  nervous  system  consists 
of  one  or  two  cephalic  ganglia,  and  never  has  the  form  of  a 
gangliated  ventnd  chain.  Lateral  appendages  are  almost 
universally  wanting. 


264  MANUAL  OF  ZOOLOGY. 

The  Scolecida  were  formerly  placed  by  Huxley  along  with 
the  Echinodermaia  in  a  special  sub-kingdom  {Annuloida) ;  and 
no  doubt  can  be  entertained  as  to  the  reality  of  the  relation- 
ships between  these  two  groups  of  animals.  On  the  other 
hand,  many  and  close  points  of  affinity  unite  the  higher  Sco- 
lecida  with  the  Ringed  Worms  {Annelida) ;  and  some  system- 
atists  unite  the  Scolecida  and  Anarthropoda  in  a  common  sub- 
kingdom,  to  which  they  restrict  the  Linnean  name  of  Vermes. 

II.  Anarthropoda. — This  division  includes  the  Spoon 
Worms  {Gephyrea\  the  Ringed  Worms  (Annelida)^  and  the 
Arrow  Worms  {Chatognatha),  and  is  characterised  by  the  fact 
that  the  body  is  composed  of  a  number  (often  indefinite)  of 
similar  or  nearly  similar  segments  arranged  longitudinally.  A 
"  pseudohsemal "  system  of  vessels  is  generally  present.  The 
nervous  system  is  placed  ventrally,  and  consists  typically  of 
a  double  chain  of  ganglia,  united  by  longitudinal  commis- 
sures, and  forming  an  oesophageal  collar.  Cilia  are  generally 
developed.  Lateral  locomotive  appendages  are  usually  pres- 
ent, but  are  never  jointed  or  articulated  to  the  body. 

III.  Arthropoda. — This  division  includes  the  Crustaceans, 
{Crustcu:ea),  the  Spiders,  Scorpions,  &c  (Arachnida\  jthe  Cen- 
tipedes and  their  allies  (Myriopoda),  and  the  Insects  (Insecfa). 
The  body  (fig.  144)  is  composed  of  a  series  (usually  definite) 


Fig.  144. — Diagram  of  the  anatomy  of  an  Insect,  oh  Antennae ;  e  Eye  ;  m  Mouth ; 
^  Gullet ;  x/' Salivary  gland  ;  *  Stomach  ;  /  Tubes  representing  the  kidney ;  «  In- 
testine ;  c  Chamber  (cloaca)  into  which  the  intestine  opens ;  v  Vent ;  A  Heart : 
H  Nervous  system  ;  t  Bases  of  the  legs. 

of  distinct  rings  or  "  somites,"  arranged  along  a  longitudinal 
axis.  A  true  blood-vascular  system  is  normally  present,  and 
the  heart  is  placed  dorsally.  The  nervous  system  consists 
primitively  of  a  double  chain  of  ganglia,  placed  ventrally,  and 
traversed  anteriorly  by  the  oesophagus.  Limbs  are  almost 
always  present,  and  are  jointed  and  articulated  to  the  body. 
The  integument  is  more  or  less  extensively  hardened  by  the 
deposition  in  it  of  chitine,  with  or  without  salts  of  lime ;  and 
ciliated  epithelium  is  not  developed. 
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The  Scolecida. 

The  name  of  Scolecida  was  proposed  by  Professor  Huxley  * 
for  the  reception  of  the  Rotifera^  the  Turbellaria,  the  Trema- 
toda^  the  TanicLda^  the  Nematoidea^  the  Acanthocepkala,  and 
the  Gordiacea.  Of  these  the  Rotifera  stand  alone;  whilst 
the  Turbellaria^  Trematoda,  and  Tceniada  constitute  the  di- 
vision of  the  Platyelmia  (Flat  Worms) ;  and  the  Neniatoidea^ 
Acanthocephalay  and  Gordiacea  make  up  the  Nematelmia 
(Round  Worms  or  Thread-Worms).  The  term  Entozoa  has 
acquired  such  a  general  currency  that  it  is  necessarily  employed 
occasionally,  but  it  has  been  used  in  such  widely  different 
senses  by  different  writers,  that  it  would  be  almost  better  to 
discard  it  altogether.  It  certainly  cannot  be  used  as  synony- 
mous with  Scolecida^  many  of  these  not  being  parasitic  at  all. 
It  will  therefore  be  employed  here,  in  a  restricted  sense,  to 
designate  those  orders  of  the  Scolecida  which  are  internal 
parasites,  comprising  the  Trematoda^  Tceniada^  Netnatoidea  (in 
part),  Acanthocephala^  and  Gordiacea,  The  Turbellaria  and 
Rotiifera^  with  a  section  of  the  Netnatoidea^  lead  a  free  exist- 
ence, and  are  not  parasitic  within  other  animals. 

The  Scolecida  are  defined  by  the  possession  of  a  '' water- 
vascular  system,"  consisting  of  branched  tubes,  filled  with  a 
watery  fluid,  and  usually  communicating  with  the  exterior. 
There  is  no  proper  blood-system,  and  the  nervous  system 
consists  typically  of  a  double  ganglion  or  a  pair  of  ganglia. 
The  body  is  usually  unsegmented,  rarely  imperfectly  seg- 
mented; and  lateral  appendages  are  absent  (except  in  some 
Rotifers). 

Division  I.  Platyelmia. — ^This  section  includes  those  Scole- 
cida which  possess  a  more  or  less  flattened  body,  usually  some- 
what ovate  in  shape,  and  not  exhibiting  anything  like  distinct 
segmentation*  The  division  includes  two  parasitic  orders — 
the  Tceniada  and  the  Trematoda^ — and  one  non-parasitic  order 
— ^viz.,  the  Turbellaria,  A  sub-order,  however,  of  this  last,  the 
Nemertidce^  does  not  conform  to  the  above  definition ;  but  its 
other  characters  are  such  as  to  forbid  its  removal.. 

Order  I.  TiENiADA  {Cestoidea), — This  order  comprises  the 
internal  parasites  called  Tape-worms  (Cestoid  worms),  and 
the  old  order  of  the  "  Cystic  Worms "  (Cystica) ;  the  latter 

**  More  recently  ('A  Manual  of  the  Anatomy  of  Invertebrated  Animals,' 
1877)  Professor  Huxley  has  abandoned  the  division  of  the  Scolecida^  and 
has  separated  its  members  into  two  sections  {Trichoscolices  and  Nemato- 
scdices). 
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being  now  known  to  be  merely  immature  forms  of  the  Tape- 
worms. 

The  Taniada  are  Scolecids  in  which  the  body  of  the  adult 

is  elongated  and  com- 
posed of  flattened  joints, 
the  anterior  extremity 
{''head'')  armed  with 
hooklets,  or  suckers,  or 
both  combined.  There 
is  no  mouth  or  aliment- 
ary cancUy  and  the  young 
pass  through  a  meta- 
morphosis. The  mature 
animal  is  hermaphro- 
dite. 

The  adult  Tape- 
worms are  found  in- 
habiting the  aliment- 
ary canal  of  Vertebrate 
animals  of  various 
kinds.  In  its  mature 
condition,  a  Tape- 
worm usually  consists 
of  a  minute  rounded 
anterior  extremity  or 
"head"  (fig.  145,  a\ 
followed  posteriorly  by 
a  larger  or  smaller 
number  of  loosely- 
connected  pieces  or 
"joints."  These  latter, 
usually  called  "  pro- 
glottides," have  the  ap- 
pearance of  being  seg- 
ments, but  are  in  real- 
ity buds  produced  from 
the  head,  and  contain- 
ing the  reproductive 
organs.  The  buds 
..Oneofthe%Sid«from  "carest  the  head  are 

the  sexually  mature  part  of  the  worm.     B,  A  single,    the  OneS  laSt  produCed, 

and     are     imperfect  ; 

hence  the  body  is  com- 
paratively narrow  in  front ;  but  as  we  proceed  backwards  from 
the  head,  the  proglottides  gradually  widen  out,  and  become 


'ie.  X45.— A,  T tenia  solium^ 
Head  "  or  '*  nurse  " 


mature  proglottis  of  the  same,  showing  the  genital 
pore  (/)  and  the  branchnl  uterus  («). 
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ultimately  mature.  In  certain  forms  (as,  for  example,  in  the 
simple  Caryophyllaus  of  the  Carp)  the  animal  consists  only  of 
the  head,  which  contains  the  generative  organs,  there  being 
thus  no  joints  or  "proglottides."  In  the  Ligula  of  Fishes, 
Amphibians,  and  Water-birds,  again,  the  body  is  annulated, 
and  contains  longitudinally-disposed  groups  of  reproductive 
organs,  but  proper  proglottides  are  not  developed. 

An  ordinary  tape-worm,  however,  consists  of  the  **  head " 
and  a  variable  number  of  reproductive  buds  or  "  proglottides," 
these  latter  being  ultimately  detached  from  the  general  mass 
or  "  strobila."  To  the  aggregate  of  the  head  and  joints  we 
must  apply  the  term  "individual";  but  the  joints  have  also  a 
certain  amount  of  individuality,  since  they  may  live,  and  even 
increase  in  size,  after  detachment  from  the  parent  "  strobila." 
As  the  larval  tape-worm  has  also,  in  some  instances,  the  power 
of  producing  new  beings  by  gemmation,  each  of  which  may 
become  ultimately  developed  into  a  "  strobila,"  the  individuality 
of  the  tape-worms  is  of  a  very  complex  type. 

As  regards  the  anatomy  of  a  typical  tape-worm,  the  minute 
rounded  anterior  extremity  or  "  head  "  (figs.  146,  e,  and  147,  B) 


Fig.  X46. — Moiphology  of  Tteniada,  a  Head  and  a  few  following  segments  of  T^tnia 
mtdiocaneuata ;  o  A  few  segments  of  the  same  further  removed  from  the  head ; 
c  and  d  S^^ents  progn'ssively  further  removed  from  the  head. — all  of  the  natural 
sixe ;  r  H«ul  of  the  same,  enlarged  ;  A  A  single  proglottis  of  the  same,  with  its 
branched  uterus  and  lateral  genital  pore,  enlarged  two  diameters ;  y  Embryo  of  Temia 
haciUaris^  with  six  booklets  ;  z  Cysticerctu  celiuloste.  with  its  booklets  and  suckers, 
its  wrinkled  neck,  and  its  caudal  vesicle,  enlarged.  (After  Leuckart,  Van  Beneden, 
and  Weinland.) 

is  fixed  to  the  mucous  membrane  of  the  intestine  of  the  "  host " 
by  muscular  cup-like  or  slit-like  suckers,  two  or  four  of  these 
organs  being  present.  In  the  so-called  "  armed  "  tape-worms, 
the  head  carries  in  addition  to  the  suckers  a  circlet  of  homy 
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hooks,  the  bases  of  which  are  lodged  in  secreting  sacs,  and 
which  are  usually  arranged  in  a  closely-set  double  row.  There 
is  a  thin  chitinous  cuticle,  underlaid  by  a  fibrous  corium,  and 
by  longitudinal  and  transverse  muscular  fibres,  and  the  integu- 
ment contains  numerous  minute  refracting  bodies,  known  as 
"  calcareous  corpuscles."  No  mouth  is  present,  nor  are  there 
any  digestive  organs,  the  nutrition  of  the  animal  being  entirely 
carried  on  by  imbibition  through  the  skin.  The  head  contains 
two  minute  nerve-masses  (ganglia?),  which  are  connected  by  a 
transverse  cord,  and  send  two  longitudinal  branches  backwards. 
The  "  water-vascular  system  "  begins  in  the  head,  and  consists 
of  two  principal  trunks,  which  run  down  the  sides  of  the  body, 
communicating  with  one  another  at  each  articulation  by  means 
of  a  transverse  vessel,  and  opening  in  the  last  joint  into  a  con-- 
tractile  vesicle  with  a  terminal  pore.  The  water-vessels  are 
ciliated  internally,  and  connected  with  the  main  vessels,  are 
minute  branching  tubes,  which  ramify  through  the  tissues. 

The  "  head  "  or  "  nurse  "  contains  no  other  organs  than  those 
enumerated  above,  the  reproductive  organs  being  developed 
in  the  joints  or  "  proglottides,"  which  the  head  produces  pos- 
teriorly by  a  process  of  gemmation.  After  the  production  of 
the  first  joint,  each  new  proglottis  is  intercalated  between  the 
head  and  the  articulation,  or  articulations,  already  formed ;  so 
that  the  joints  nearest  the  head  are  those  latest  formed,  and 
those  furthest  from  the  head  are  the  most  mature.  Hence  the 
portion  of  the  body  just  behind  the  head  is  narrow  and  thread- 
like, and  it  only  gradually  widens  out,  till  we  reach  a  point 
where  the  joints  are  "  ripe,"  and  have  their  full  width.  Each 
proglottis  contains  a  lateral  canal  of  the  water-vascular  system, 
accompanied  by  a  lateral  nerve ;  and  each,  when  mature,  con- 
tains the  male  and  female  generative  organs  (figs.  146,  A,  and 
147,  A).  The  male  organs  consist  of  numerous  grape-like  tes- 
ticular sacs,  the  ducts  of  which  ultimately  unite,  to  open,  at 
the  "  genital  pore,"  in  a  sac  containing  a  filamentous  protrusible 
"  cirrus "  or  penis.  The  female  organs  of  the  proglottis  are 
very  complex,  consisting  of  an  ovary,  with  various  accessory 
glands,  a  greatly-branched  dendritic  "uterus,"  usually  filled 
with  ova,  and  a  sac  ("  spermatheca  ")  in  which  the  spermatozoa 
are  stored  up.  The  vagina  terminates  at  the  "  genital  pore," 
and  impregnation  is  effected  between  the  severed  proglottides 
of  the  same  worm.  The  position  of  the  "  genital  pore "  is 
usually  on  the  lateral  margin  of  the  proglottis  (fig.  i45)/)9  when 
the  pores  may  be  all  on  one  side  of  the  strobila,  or  may  be 
placed  alternately  on  different  sides  of  successive  proglottides, 
as  is  the  case  in  the  common  Pork  tape-worm  and  Beef  tape- 
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worm.  In  the  Russian  tape-worm  (Bothriacephalus  latus)  the 
generative  pores  are  on  the  flat  sides  of  the  joints  (fig.  147,  F). 

The  above  gives  an  outline  of  the  organisation  of  one  of  the 
ordinary  tape-worms  in  its  fully  mature  condition;  and  we 
have  next  to  briefly  consider  the  developmental  processes  by 
which  this  condition  is  reached.  The  "armed"  tape-worms — 
/.^.,  those  in  which  the  head  is  furnished  with  a  crown  of  hook- 
lets — inhabit  the  alimentary  canal  of  carnivorous  or  omnivor- 
ous Mammals  and  Birds.  The  "  unarmed  "  tape-worms — /.^., 
those  in  which  the  head  has  suckers  only,  without  hooks — are 
found  in  the  same  situation  in  vegetable-eating  or  omnivorous 
Mammals,  as  well  as  in  some  Reptiles,  Amphibians,  and 
Fishes.  In  most  cases,  the  same  species  of  tape-worm,  in  its 
adult  state,  is  not  found  in  more  than  one  species  of  animal. 
In  other  cases,  the  same  form  may  infest  more  than  one 
species ;  while  it  is  common  for  the  same  "  host "  to  be  liable 
to  the  attacks  of  more  than  one  kind  of  adult  tape-worm.  In 
all  cases  alike,  however,  there  is  the  peculiarity  that  the  eggs 
of  the  proglottides  cannot  develop  themselves  in  the  intestine 
of  the  animal  in  which  the  adult  tape-worm  is  found.  In  all 
cases,  therefore,  the  egg  requires  to  be  expelled  from  the  body 
of  the  original  host,  and  to  gain  access  to  the  body  of  some 
other  animal,  within  which  it  can  undergo  the  earlier  stages  of 
its  development.  In  the  case  of  every  tape-worm,  therefore, 
we  have  to  deal  with  two  hosts — viz.,  (i)  the  animal  which 
lodges  the  adult  worm,  and  which  may  be  termed  the  "  final 
host";  and  (2)  the  animal  in  which  the  young  or  larval  form 
is  developed,  and  which  may  be  called  the  "intermediate 
bearer."  In  rare  cases — by  accident,  as  it  were — the  same 
animal  may  act  in  both  of  these  capacities.  Thus,  occasion- 
ally, man  not  only  acts  as  the  "  final  host "  to  the  Tania  solium^ 
but  also  serves  as  "intermediate  bearer."  As  a  rule,  however, 
the  "final  host"  and  the  "intermediate  bearer"  are  not  only 
difierent  animals,  as  individuals,  but  belong  to  different  species 
of  animals.  Thus,  while  man  acts  normally  as  the  "  final  host " 
to  the  Tcmia  soliumy  the  pig  ofilciates  normally  as  the  "  inter- 
mediate bearer"  to  the  same.  Moreover,  there  is  generally 
this  relation  between  the  final  host  and  the  intermediate  bearer, 
that  the  latter  is  liable  to  be  eaten  by  the  former. 

The  ordinary  course  of  development  in  one  of  the  typical 
tape-worms  is  briefly  as  follows : — 

As  has  just  been  mentioned,  the  ova  of  the  tape-worm  can- 
not develop  themselves  within  the  intestine  of  the  "  final  host," 
but  require  to  be  swallowed  by  some  animal  other  than  the  one 
inhabited  by  the  mature  worm,  and  thus  to  gain  access  to  the 
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Stomach  of  the  latter.  To  render  this  possible,  the  "  ripe " 
proglottides,  filled  with  fertilised  ova,  are  successively  detached 
from  the  hinder  end  of  the  mature  tape-worm,  and  are  expelled 
from  the  intestine  of  the  final  host  along  with  the  faeces.  After 
their  discharge  in  this  way,  the  proglottides  may  for  some  time 
retain  their  vitality,  and  may  possess  some  power  of  movement, 
in  some  cases  increasing  in  size  and  only  first  becoming  fiilly 
developed  after  their  expulsion  from  the  body  of  the  final  host 
In  all  cases,  however,  the  proglottides  ultimately  die  and  de- 
compose, thus  liberating  the  contained  ova,  which  are  protected 
from  injury  by  ordinary  mechanical  or  chemical  agencies  by 
the  possession  of  a  thick  homy  capsule  (fig.  147,  C).      In  this 


Fig.  1^7. — Morphology  of  Taniada.  A,  Proglottides  of  Tttnia  solium^  showing  in  one 
joint  the  branch^  uterus ;  B,  Head  of  Tttnia  solium  ;  C,  Ovum  of  Tttnia.  solium. 
showing  the  minute  six-hooked  embryo  enclosed  in  a  homy  shell ;  D,  Six-hooked 
embryo  of  Botkriocephalus  laius,  enclosed  in  a  ciliated  integument;  E,  Head  of 
Bothriocepkalus  latus^  showing  one  of  the  two  slit-like  suckers  ;  F,  Proglottides  of 
Botkriocephalus  latus^  showing  the  rosette-shaped  uterus,  and  the  position  of  the 
generative  pores  :  t/  Water-vessel ;  /  Generative  pore.  All  the  figures  are  enlarged, 
C  and  D  greatly  so.    (B,  D,  and  F  are  after  Leuckart.) 

Stage,  the  embryo  is  so  far  developed  within  the  ovum  that  its 
head  may  be  recognised  by  its  possession  of  three  pairs  of 
homy  booklets.  The  ova  require  for  further  development  that 
they  should  be  introduced  into  the  stomach  of  some  animal, 
and  this  may  be  efifetted  in  one  of  two  ways :  (i)  By  some 
animal  swallowing  the  microscopic  ova  along  with  its  food  or 
drink,  or  (2)  by  an  animal  actually  eating  one  or  more  of  the 
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detached  proglottides,  in  which  case  decomposition  of  the  pro- 
glottis and  liberation  of  the  contained  eggs  takes  place  in  the 
gastric  cavity  of  the  new  host. 

When  introduced  by  either  of  these  methods  into  the  stomach 
of  a  suitable  animal,  the  homy  capsule  of  the  ovum  undergoes 
solution,  and  the  contained  embryo  or  "  proscolex  "  is  liberated, 
in  the  form  of  a  minute  protoplasmic  body  provided  anteriorly 
with  three  pairs  of  homy  spines  (fig.  146,/).  Armed  with 
these,  the  proscolex  perforates  the  wall  of  the  stomach  of  its 
host,  and  may  either  penetrate  some  contiguous  organ,  or  may 
pierce  a  blood-vessel,  in  which  case  it  may  be  carried  by  the 
current  of  blood  to  the  liver,  brain,  eye,  or  some  other  organ 
of  the  body. 

Having  by  one  of  these  methods  reached  a  suitable  resting- 
place,  the  "proscolex"  becomes  encysted,  and  proceeds  to 
develop  a  bladder-like  vesicle,  filled  with  a  clear  albuminous 
fluid,  from  its  hinder  extremity  (fig.  146,  g).  The  larval  worm 
is  now  known  as  a  "scolex,"  "Cysfuercus"  or  "Cystic  Worm," 
and  it  may  be  microscopic  in  its  dimensions,  or  may  reach  a 
size  of  a  quarter  of  an  inch  or  more.  When  thus  encysted 
within  the  tissues  of  an  animal,  the  "scolex"  consists  of  a 
txnioid  head,  with  a  crown  of  homy  booklets,  and  four 
"  oscula  "  or  suckers,  united  to  the  caudal  bladder  by  means 
of  a  contracted,  often  transversely  wrinkled,  neck.  In  many 
cases  the  head  and  neck  are  not  protruded  from  the  caudal 
vesicle,  but  are  entirely  withdrawn,  and  are  spirally  coiled  up 
within  an  inversion  of  the  latter.  The  integument  contains 
the  so-called  "calcareous  corpuscles,"  which  are  seen  in  the 
adult  tape-worm  ;  but  the  scolex  exhibits  no  traces  of  the 
reproductive  organs,  and  is  usually  incapable  of  further  de- 
velopment in  its  encysted  condition.  In  some  cases,  however, 
the  primitive  scolex  has  the  power  of  giving  rise  to  secondary 
scolices  by  a  process  of  gemmation,  thus  producing  a  com- 
pound bladder-like  structure  ("hydatid"),  the  dimensions  of 
which  may  be  very  considerable. 

As  a  general  rule,  the  encysted  scolex  remains  quiescent 
and  unchanged,  its  life  being  of  considerable  duration,  but 
terminating  in  ultimate  degeneration,  unless  a  fresh  change  of 
habitat  be  effected  If,  however,  the  flesh  of  the  "  intermediate 
bearer"  should  be  eaten  by  another  suitable  animal,  and  the 
encysted  scolex  be  thus  introduced  into  the  alimentary  canal 
of  a  "  final  host,"  a  new  series  of  changes  is  initiated  The 
scolex  now  attaches  itself  to  the  mucous  membrane  of  the 
intestine  of  its  new  host  by  means  of  its  cephalic  booklets 
(when  these  are  present)  and  suckers.    The  caudal  vesicle  is 
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absorbed,  and  the-scolex  is  thus  converted  into  the  "  head  "  of 
the  adult  tape-worm.  Gemmation  then  commences  from  its 
posterior  extremity,  the  first  segments  being  immature.  As 
the  first-formed  joints,  however,  are  pushed  further  from  the 
head  by  the  constant  intercalation  of  fresh  articulations,  they 
become  sexually  mature,  thus  constituting  the  ''  proglottides '' 
of  the  adult  tape-worm  with  which  the  cycle  began.  To  the 
entire  organism,  with  its  "  head  "  and  its  mature  and  immature 
joints  ("proglottides"),  the  term  "strobila"  is  now  applied. 

In  the  case  of  all  those  tape-worms  the  life-history  of  which  has  been 
fully  worked  out,  the  general  course  of  development  is  as  above  sketched 
out ;  though  there  are  modifications  of  the  process  in  different  forms  of  the 
group.  Of  the  various  tape- worms  (about  eight  in  number)  to  which  man 
'is  known  to  act  as  the  "  6nal  host,"  several  are  exceedinjgly  rare  in  their 
occurrence,  while  we  are  largely  or  wholly  ignorant  of  their  development. 
There  are,  however,  three  forms  of  tape- worms  which  commonly  infest  man 
in  their  adult  condition,  and  the  history  of  which  may  be  briefly  glanced  at 
here.  The  first  of  these  is  the  Tania  solium  or  **  Pork  tape- worm,"  which 
is  found  in  the  small  intestine  of  man — sometimes  solitarily,  sometimes  to 
the  number  of  half  a  dozen  or  more— and  which  grows  to  a  length  of  about 
ten  or  twelve  feet.  The  Pork  tape- worm  is  one  of  the  "armed"  tape- 
worms, its  head  having  a  crown  of  booklets,  in  addition  to  its  four  suckers 
(fig.  147,  B).  When  fully  matured,  the  "strobila"  consists  of  about  eight 
hundred  and  fifty  proglottides,  of  which  the  last  hundred  or  fewer  may 
be  "ripe"  or  fully  developed.  The  generative  pores  are  lateral,  placed 
usually  on  alternate  sides  of  successive  joints  ;  and  the  uterus  (fig.  147,  A) 
is  much  less  minutely  branched  than  in  the  Beef  tape- worm.  The  scolex 
of  the  TiTftia  solium  is  most  generally  foimd  in  the  pig,  commonly  encysted 
in  the  muscles,  and  usually  present  in  considerable  numbers.  It  grows  to 
a  size  of  a  quarter  of  an  inch,  and  was  originally  described  as  a  distinct 
worm,  under  the  name  of  Cysticercus  cellulosa  (fig.  146,  g).  Infection 
results  from  the  eating  by  a  human  being  of  a  portion  of  the  flesh  of  a  pig 
which  is  "  measly,"  or,  in  other  words,  contains  one  or  more  of  these  CysH- 
cerci.  Though  the  Cysticercus  cellulcsa  is  most  usually  found  in  the  pig, 
both  wild  and  domesticated,  it  also  occurs  encysted  in  the  tissues  of  other 
animals,  and  not  very  uncommonly  in  man  himself,  the  two  commonest 
situations  in  which  it  has  been  detected  in  the  human  subject  being  the 
brain  and  eye.  When  encysted  in  the  muscles,  the  Cysticaxus  celluiosa 
does  not  necessarily  give  rise  to  any  special  symptoms  unless  present  in 
great  numbers ;  but  the  presence  of  even  a  single  Cysticercus  in  such  an 
organ  as  the  brain  may  produce  serious  disease,  or  even  death. 

A  commoner  human  parasite  than  the  preceding  is  the  Beef  tape-worm 
{^Tania  mediocanellata  or  T,  saginaia).  This  is  one  of  the  "unarmed" 
tape- worms,  its  head  (fig.  146,  e)  having  four  suckers,  but  no  booklets ;  and 
it  grows  to  a  length  of  twenty  feet  or  more,  the  strobila  containing  twelve 
hundred  or  more  joints,  of  which  the  last  two  hundred  may  be  "  ripe. "  The 
mature  joints  are  wider  than  in  T.  solium^  with  laterally  and  alternately 
placed  genital  pores,  and  having  the  uterus  dendritically  branched.  The 
scolex  {Cysticercus  boms)  is  found  in  the  ox  in  all  its  varieties,  its  most 
general  position  being  in  the  muscles,  and  its  size  being  mostly  under  two- 
fifths  of  an  inch. 

The  third  human  tape- worm  which  may  be  here  alluded  to  is  the 
"  Broad  tape- worm  "  (Bothriocephalus  latus\  sometimes  called  the  "  Rus- 
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sian  tape- worm"  from  its  common  occurrence  in  Russia,  though  it  also 
occurs  in  other  countries  as  well  (Poland,  Switzerland,  Ireland,  &c.).  This 
remarkable  parasite  is  the  largest  of  the  human  Cestodes,  the  strobila 
growing  to  the  length  of  twenty-five  feet,  and  being  composed  of  over  three 
thousand  proglottides.  The  joints  (fig.  147,  F)  are  proportionately  very 
narrow  in  their  antero-posterior  development,  but  are  very  wide;  and 
the  rosette-shaped  uteri  open  by  genital  pores  placed  on  the  flat  surface 
of  each  proglottis.  The  head  (tig.  147,  £)  is  "  imarmed,"  oval  in  shape, 
and  furnished  with  two  long  slit-like  suckers.  The  proglottides  are  thrown 
off  in  groups,  and  the  ova  are  enclosed  in  a  homy  capsule  furnished  with  a 
lid  at  one  end.  The  embryo  is  at  first  aquatic,  swimming  actively  by 
means  of  a  ciliated  integimient  (fig.  147,  D).  The  ciliated  embryo  gives 
rise  to  a  minute  **  cystic  "  larva,  which  has  an  invaginated  head,  and  lives 
encapsuled  in  the  muscles  of  the  pike  and  other  fresh-water  fishes. 

Not  only  does  man  act  as  the  '*  final  host "  to  the  three  Cestodes  men- 
tioned above,  as  well  as  to  several  other  forms  of  tape-worms,  but  he  may 
also  pUv  the  part  of  *'  intermediate  bearer  "  in.  the  case  of  other  species. 
This  is  known  to  occur  as  regards  Tania  solium  ;  but  it  is  of  more  common 
occurrence  in  the  case  of  one  of  the  tape-worms  of  the  dog — viz.,  the  Tania 
€chinococcus.  The  *  *  strobila  "  of  this  species  inhabits  the  intestine  of  the  dog, 
and  is  composed  of  four  segments  only,  counting  in  the  "head"  (fig.  148, 


Fig.  148.— A,  Sexually  mature  Tctnia  eckinococcus.  showing  the  head  with  its  hooklets 
and  nickers,  and  the  three  succeeding  proglottiaes,  the  last  containing  the  reproduc- 
tive orsans  (enlarged) :  o  Ovary ;  v  Water-vessels.  B,  Interior  of  a  portion  of  a 
hydatidcyst,  showug  the  brood-cansules  and  included  Echinococci (from  Man).  C, 
Young  EchinococcHSf  about  six  weelcs  old,  showing  the  thick  laminated  outer  capsule 
and  the  inner  granular  contents.  D,  Single  Echtnococcus  (from  Nf  an),  showing  the 
booklets,  suckers,  contained  "calcareous  corpuscles,"  and  pedicle.  All  the  figures 
are  enlarged.    (After  Spencer  Cobbold  and  Wilson.)  . 

A).  The  last  segment  only  is  sexually  mature,  and  the  head  is  furnished 
with  hooks  and  suckers.  The  egg,  when  swallowed  by  man,  gives  origin 
to  a  "proscolex,"  which  bores  its  way  through  the  walls  of  the  stomach, 
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and  may  either  lodge  in  some  neighbouring  tissue,  or,  gaining  access  to  a 
blood-vessel,  may  be  carried  to  the  liver,  lungs,  brain,  kidneys,  or  other 
internal  organ,  the  liver  being  most  frequently  affected.  The  proscolex 
encysts  itself,  and  gives  rise  to  a  primitive  scolex  (fig.  148,  C),  in  the  form 
of  a  central  granular  mass  enclosed  in  a  thick  laminated  external  envelope. 
The  original  scolex  now  begins  to  produce  new  scolices  by  a  process  of 
gemmation,  the  ultimate  result  being  the  formation  in  the  organ  affected 
of  what  is  called  a  *'  hydatid  tumour."  Such  a  tumour  consists  ordinarily 
of  a  globular  or  lobulated  cyst,  varying  in  size  from  the  dimensions  of  a  nut 
up  to  that  of  an  orange,  one  or  more  of  these  being  lodged  in  some  solid 
organ.  The  cyst  is  filled  with  a  clear,  transparent,  straw-coloured  fluid, 
remarkably  free  from  albuminoids,  but  containing  much  chloride  of  sodium. 
It  is  formed  (fig.  148,  B)  of  an  outer  laminated  elastic  layer,  and  a  much 
thinner  internal,  comparatively  inelastic  layer.  The  inner  layer  may  be 
regarded  as  representing  the  combined  caudal  vesicles  of  a  number  of 
scolices,  and  is  the  essentially  vital  part  of  the  structure.  Little  connection 
exists  between  the  two  layers,  and  if  the  cyst  be  laid  open,  and  the  con- 
tained fluid  let  out,  the  inner  layer  often  collapses,  and  exhibits  a  charac- 
teristic **  tremulous  motion,  at  the  same  time  coiling  upon  itself  wherever 
there  is  a  free  cut  margin  "  (Cobbold).  The  inner  lining  of  the  cyst  pro- 
duces by  gemmation  innumerable  scolices,  which  have  been  described 
under  the  name  of  Echinococcus  hominis  or  E,  veUrinorum,  Each  **  Echi- 
nococcus  "  is  from  ^  to  r^th  of  an  inch  in  size,  solid  throughout,  with  four 
suckers  and  a  crown  of  hooks  (fig.  148,  D).  Many  of  the  scolices  become, 
however,  ultimately  transformed  into  delicate  cysts  or  "  brood -capsules," 
from  which  numerous  secondary  scolices  are  budded  out  (fig.  148,  B)  ; 
these  becoming  inverted  and  withdrawn  into  the  brood-capsule,  though 
some  may  be  everted.  Secondary  brood-capsules  may  also  be  developed 
in  the  interior  of  the  primary  capsules. 

Hydatid  tumours  are  of  not  uncommon  occurrence  in  countries  In  which 
drinking-water  is  taken  from  ponds  or  wells  to  which  dogs  have  free  access  ; 
and  they  commonly  give  rise,  b)^pressure  upon  surrounding  structures,  to 
serious  or  even  fatal  disorders.  Man  is  not  the  only  animal  liable  to  be 
infested  by  the  scolices  of  the  Tctnia  echinococcus^ — oxen,  sheep,  and  horses, 
in  particular,  being  very  subject  to  hydatids.  The  adult  worm  is  only  de- 
veloped in  case  one  of  the  **  Echinococci "  should  be  swallowed  by  a  dc^. 
It  is  from  the  horse,  ox,  or  sheep,  therefore,'  that  the  dog  is  liable  to  be- 
come infected  with  the  adult  worm ;  and  it  is  chiefly  in  countries  where 
dogs  are  commonly  fed  upon  the  offal  of  the  slaughter-houses  that  the 
Tcmia  echinococcus  is  at  all  a  frequent  parasite  in  the  dog. 

As  regards  some  other  well-known  tape-worms,  the  Tania  margituUa  of 
the  dog  spends  its  larval  condition  in  the  sheep  and  other  Ruminants,  as 
the  Cysticercus  tenuicollis.  The  Teenia  serrata  of  the  dog  has  for  its  scolex 
the  Cysticercus  pisifomtis  of  hares  and  rabbits.  The  larva  of  the  Tctnia 
cucumerina  of  the  dog — ^a  Cestode  which  also  occurs  in  its  adult  condition 
in  the  human  subject — inhabits  the  common  louse  of  the  dog  ( TrichodecUs 
lotus) ;  and  the  dog  becomes  infected  by  licking  itself,  and  thus  swallowing 
the  louse.  Still  another  tape- worm  of  the  dog — viz.,  the  Tania  casnurus, 
inhabits  in  its  larval  state  the  sheep,  the  scolex  in  this  case  having  the 
power  of  internal  multiplication  or  budding,  and  thus  producing  '*  hydatid 
tumours."  The  hydatid  cysts  of  Tania  ceonurus  (originally  described  as 
Canurtis  cerebrcUis)  are  found  in  the  brain  of  the  sheep,  goat,  and  other 
animals,  and  they  give  rise  in  the  former  of  these  to  the  disease  known  as 
"staggers**  or  V*  sturdy."  The  Teenia  crassicollis  of  the  cat  is  the  mature 
form  of  the  Cysticercus  fasciolaris  of  the  mouse ;  and  the  Tania  crassieeps 
of  the  fox  is  derived  from  the  Cysticercus  longicollis  of  the  Vole  {Arvico/a 
terrestris). 
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CHAPTER    XXII. 

TREMATODA  AND   TURBELLARIA, 

• 

Order  Trematoda.  —  Leaf-likey  rarely  vermiform^  internal 
{sometimes  external)  parasites,  prmtided  with  one  or  more  ventral 
suckers  ;  a  mouth  and  alimentary  canal^  but  no  anus.  No  body- 
cavity.  Integument  of  the  adult  not  ciliated.  Sexes  generally 
united.  This  order  includes  a  group  of  animals,  which,  like 
the  preceding,  are  parasitic,  and  are  commonly  known  as 
"  Suctorial  Worms  "  or  "  Flukes."  They  inhabit  various  situ- 
ations in  different  animals — mostly  in  birds  and  fishes — and 
they  are  usually  flattened  or  roundish  in  shape.  The  body  is 
provided  with  one,  two,  or  more  suctorial  discs,  by  means  of 
which  the  animal  adheres  to  its  host.  The  alimentary  canal 
is  simply  hollowed  out  of  the  parenchyma  of  the  body,  and 
does  not  lie  in  a  free  space  or  "perivisceral  cavity."  The  in- 
testinal canal  is  always  bifurcated  behind  the  gullet,  and  its 
two  divisions  may  either  remain  simple  (as  in  Distoma  lanceo- 
latum,  fig.  149,  ii),  or  may  be  more  or  less  branched  (as  in 
Distoma  hepaticum,  fig.  150).  In  any  case,  the  divisions  of  the 
alimentary  canal  terminate  blindly  behind.  The  opening  of 
the  mouth  is  always  placed  at  the  front  end  of  the  body,  and 
i^  usually  situated  at  the  bottom  of  an  anterior  sucker  (fig.  149, 
ad).  A  "water-vascular"  system  is  present,  and  consists  of 
two  principal  lateral  vessels,  which  are  connected  with  minute 
branching  tubes,  and  open  posteriorly  into  a  common  contrac- 
tile vesicle,  which  communicates  with  the  exterior  by  an  ex- 
cretory pore  (fig.  149,  /).  The  nervous  system  consists  of  a 
double  ganglion  placed  above  the  gullet. 

With  few  exceptions,  the  sexes  are  united  in  the  same  in- 
dividual, and  the  reproductive  organs  are  of  a  very  complicated 
description.  The  generative  apertures  are  placed  close  to- 
gether, anteriorly  and  on  the  ventral  side  (between  the  two 
suckers  in  Distoma,  fig.  149,  c).  The  male  organs  consist  of 
testes,  with  vasa  deferentia,  and  of  a  dilated  sac  containing  a 
protnisible  penis.  The  female  organs  consist  of  an  ovary  and 
oviduct,  a  much-branched  uterus  (fig.  149,  u),  and  of  two  large 
"  vitelligenous  glands."  Development  is  in  some  cases  simple ; 
but  there  is  generally  a  metamorphosis,  accompanied  by  an 
"  alternation  of  generations." 

The  "Fluke-worms"  inhabit,  in  their  adult  condition,  the 
most  varied  situations.  Most  are  internal  parasites,  living  in 
the  intestines  or  hepatic  ducts  of  Mammals,  Birds,  or  Batrachi- 
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ans,  the  vitreous  humour  or  lens  of  the  eye,  the  blood-vessels, 
&c.  A  few  are  external  parasites,  living  on  the  skin  and  gills 
of  fishes,  Crustaceans,  and  other  ani- 
mals. 

As  the  type  of  the  Trematodes  the  common 
Liver-fluke  {Distonta  hepaticum)  may  be  se- 
lected. This  well-known  parasite  inhabits  in 
its  adult  state  the  biliary  ducts  of  the  sheep, 
ox,  horse,  hare,  &c.,  or  of  man  himself;  but 
its  natural  host  appears  to  be  the  sheep,  in 
which  animal  it  causes  by  its  presence  the 
widely  -  spread  and  commonly  fatal  disease 
known  as  the  "rot"  The  adult  Distonta 
hepaticuvi  (fig.  150,  A)  is  ovate  and  leaf-like 
in  form,  usually  from  a  quarter  of  an  inch  to 
an  inch  or  more  in  length,  the  cuticle  being 
covered  with  minute  homy  spines.  Below  the 
true  skin  is  a  layer  of  longitudinal  and  trans- 
verse muscular  fibres,  and  the  general  paren- 
chyma of  the  body  is  Composed  of  polygonal 
cells.  Two  suckers  are  present,  one  placed 
anteriorly  and  perforated  by  the  openmg  of 
the  mouth,  the  other  situated  posteriorly  on 
the  ventral  surface  and  imperforate.  Between 
the  two  are  the  closely  apposed  generative 
apertures.  Both  of  the  suckers  are  used  in 
locomotion,  and  the  ventral  sucker  is  the 
principal  organ  of  adhesion.  The  mouth 
opens  into  a  short  |;ullet,  which  divides  into 
two  principal  intestmal  tubes,  which  in  turn 
give  off  numerous  branched  caeca.  The  con- 
tents of  the  intestine  are  mostly  bile  derived 
from  the  bile -ducts  of  the  host,  and  the 
branched  alimentary  canal  is  thus  dark  in 
colour.  There  is  no  anus,  nor  perivisceral 
cavity,  and  the  digestive  canal  is  simply  ex- 
cavated out  of  the  general  tissues  of  the  body. 
There  is  a  branched  system  of  water-vessels, 
which  open  posteriorly  by  a  caudal  pore,  and 
^       .         ,  -   contain  a  watery  fluid  in  which  float  refracting 

Sfvidbg  "Sdl'i'th;"";^  corpuscles.     The  reproductive  or^m  of  the 
branches  of  the  intestine,  which    two  sexes  are  present  m  the  same  mdividual, 
are  unbranched,  and  terminate   and  are  extremely  complicated, 
behind   in    blind   extremities       The  following  are  the  principal  phenomena 
lL'^^att.^T^U?d."  dfvide   in  the  life-history  of  the  Liver-fluke,  as  worked 
above  so  as  to  cross  the  blind   out  by  Mr  A.  P.  Thomas.     The  ova  of  Dts- 
ends    of   the    intestine ;    t  i   foma  hepcUicum  are  exceedingly  numerous,  a 
dua.V.'  t.^:^rjt\t.^^.   ^i"g'«  i-dividual  often  containing  many  tho«- 
ous  glands:  </v  Oviducts ;  u   sands ;  each  bemg  oval  m  shape,  with  a  chit- 
Uterus,  '        inous  covering  and  a  distinct  lid  (fig.  150,  B), 
the  long  diameter  being  about  ^irrth  of  an  inch. 
The  ova  pass  from  the  bile-ducts  of  the  sheep  into  the  intestine,  but  are  un- 
able to  develop  themselves  within  the  body  of  the  sheep,  and  are  therefore 
expelled  along  with  the  faeces.     Should  the  ova  reach  water,  they  hatch. 


-A  Trematode  Worm 
^Disioma  laHceolaium\  en- 
larged, aa  Anterior  sucker, 
with  the  mouth  at  its  bottom  ; 
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and  give  origin  to  minute  embryos,  each  of  which  is  an  inversely-conical 
ciliated  body  (fig.  150,  C),  with  a  double  pigpent-spot  or  "ocellus,"  and 
a  short  proboscis  in  front  The  embryo  swims  actively  in  the  water  by 
means  of  its  cilia ;  but  its  independent  life  only  lasts  a  few  hours,  and  it 
perishes  unless  it  should  meet  with  its  proper  host. 

This  host  is  one  of  our  common  Water-snails— viz.,  the  Limnaa  truncal 
/ula—tL  Mollusc  which  is  amphibious  in  its  habits,  and  is  found  just  as  often 
out  of  the  water  as  in  it.    Should  the  ciliated  embryo  of  Distoma  hepoHcum 


Fig.  X50. — Distoma  {Fasciola)  hepaticutn.  A,  The  adult  worm,  viewed  from  the  ventral 
surface  and  enlarged,  showing  the  branched  alimentary  canal ;  B,  Ovum,  with  its 
lid  ;  C,  CiKated  free-swimming  embryo,  with  its  proboscis  and  eye-spots  ;  D,  A  young 
•*  sporocyst "  ;  E,  An  adult  **  sporocyst,"  with  a  nearly  mature  "  redia  "  (r)  in  its  in- 
tenor  ;  F,  An  adult  "  redia,"  containing  two  '*  cercanae  "  (r  c\  a  daughter-redia,  and 
nnmerous  germs ;  G,  Free  "  cercaria."  a  Anterior  sucker ;  v  Ventral  sucker ;  i  In- 
testine ;  s  Digestive  sac  of  *'  redia  " ;  3  "  Birth-opening  "  of  "  redia."  Figs.  B— G 
are  enlarged,  and  are  after  A.  P.  Thomas. 


meet  with  one  of  these  snails,  it  bores  into  its  tissues  by  means  of  its  pro- 
boscis, and  lodges  itself  in  the  pulmonary  chamber  or  body-cavity  of  the 
Mollusc.  When  it  has  attained  this  position,  the  embryo  loses  its  cilia,  and 
becomes  sac-like,  its  contents  at  the  same  time  breaking  up  into  cells,  when 
it  constitutes  what  is  known  as  a  "sporocyst"  (fig.  150,  D).  The  "sporo- 
cyst "  may  be  regarded  as  a  kind  of  brood-sac  for  the  second  generation  of 
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larval  forms,  and  its  cells  (fig.  150,  £)  ultimately  arrange  themselves  iso  as 
to  form  one  or  more  secondary  embryos,  which  are  called  **rediae,"  after 
the  Italian  naturalist  RedL 

When  fully  mature,  the  "redia"  breaks  through  the  wall  of  the  **spoio- 
cyst "  in  which  it  was  produced,  and  bores  its  way  into  the  tissues  of  the 
snail,  finally  lodging  in  some  solid  organ,  generally  the  liver.  The  "  redia  " 
(fig.  150,  F)  now  increases  in  size,  and  may  grow  to  g^th  of  an  inch  in 
length.  It  has  a  mouth,  muscular  pharynx,  and  sac-like  stomach;  and 
its  contents  break  up  into  a  number  of  tertiary  germs.  Some  of  these  in- 
ternal germs  become  "  daughter-redise  " ;  but  others  become  developed  into 
tadpole-like  embryos,  whidh  are  termed  **  cercariae." 

Both  the  *'daughter-rediae"  and  the  "cercariae"  are  liberated  from  the 
original  redia  by  means  of  an  opening  in  the  walls  of  the  latter,  known  as 
the  "birth-opening"  (fie.  150,  F,  d).  The  "cercaria'^thus  set  free  consists 
of  an  oval  body,  furnished  with  a  long  swimming- tail  (fig.  150,  G),  and 
having  an  anterior  and  postepor  sucker.  At  the  bottom  of  the  anterior 
sucker  is  placed  the  mouth,  which  leads  into  a  gullet,  which  divides  into 
two  simple  branches.  The  condition  of  the  intestine  of  the  *'  cercaria  "  is, 
therefore,  similar  to  what  it  is  in  such  adult  Flukes  as  Disioma  lanceolatum. 
The  **  cercaria"  works  its  way  out  of  the  snail  by  means  of  its  suckers  and 
tail,  and  thus  gains  access  to  water,  in  which  it  swims  actively. 

After  a  brief  free  life,  the  cercaria  attaches  itself  by  means  of  its  suckers 
to  some  foreign  body,  such  as  a  blade  of  grass,  when  it  loses  its  tail,  and 
becomes  surrounded  by  a  white  homy  cyst  Should  one  of  these  "en- 
cysted "  cercariae  be  swallowed  by  a  sheep  along  with  its  food,  the  horny 
envelope  of  the  larva  is  dissolved,  and  the  young  Fluke  thus  set  free  makes 
its  way  into  the  bile-ducts,  where  it  obtains  its  reproductive  organs,  and 
assumes  its  final  characters. 

Besides  the  common  Liver-fluke,  other  species  of  Distoma  {D,  crassum 
and  Z>.  lanceolatum^  fig.  149)  have  been  recognised  as  occurring  in  man.  In 
D,  lanceolatum  the  intestine  is  simply  forked,  instead  of  being  branched. 
It  occurs  in  the  liver  of  the  ox,  sheep,  pig,  &c.  Another  Trematode 
which  is  a  human  parasite  is  the  singular  Gynacopkorus  {Bilharzia)  fuenia- 
tobius,  which  inhabits  the  interior  of  certain  of  the  blood-vessels  of  the  human 
subject  in  particular  regions  (Egypt,  South  Africa,  Mauritius).  The  sexes 
are  distinct  in  this  form,  both  being  vermiform  in  shape,  and  the  female 
being  lodged  in  a  groove  on  the  ventral  surface  of  the  male. 

Order  Turbellaria. — Leaf -like  or  vermiform^  non-parasitic 
ScolecidSy  with  a  mouth  and  alimentary  canal^  and  sometimes  a 
body-cavity  ;  integument  ciliated.  Sexes  united  or  distinct.  The 
members  of  this  order  are  almost  all  aquatic,  and  are  all 
non-parasitic;  thus  diflTering  entirely  from  the  animals  which 
compose  the  two  preceding  orders.  Their  external  surface  is 
always  and  permanently  ciliated,  and  they  never  possess  either 
suctorial  discs  or  a  circlet  of  cephalic  booklets.  A  "water- 
vascular  system  "  is  present,  opening  externally  by  one  or  more 
apertures,  or  appearing  to  be  entirely  closed  in  the  adult  {Nem- 
ertida).  The  alimentary  canal  is  embedded  in  the  parenchyma 
of  the  body  (Pianarida),  or  is  freely  suspended  in  a  "  perivis- 
ceral cavity"  {Nemertida),  The  intestine  is  either  straight 
or  branched,  and  a  distinct  anal  aperture  may,  or  may  not. 
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be  present.  The  nervous  system  consists  of  a  pair  of 
supra-cesophageal  ganglia,  which  send  lateral  nerves  back- 
wards. 

The    Turbellaria  are  divided   into  two  sections,    termed 
respectively  the  Planarida 
and  the  Nemertida,  y^~ 

Sub-order  I.  Planarida. 
— The  Planarians  (fig.  151) 
are  mostly  ovoid  or  ellipti- 
cal in  shape,  flattened  and 
soft -bodied.  They  are  for 
the  most  part  aquatic  in 
their  habits,  occurring  in 
fresh  water,  or  on  the  sea- 
shore, but  occasionally  found 
in  moist  earth.  The  integu- 
ment is  abundantly  provid- 
ed with  vibratile  cilia,  which 
subserve  locomotion,  and  it 
also  contains  numerous  cells, 
which  are  in  many  respects 
very  similar  to  the  "cnidae," 
or  nettle-cells,  of  the  Coeien- 
terata.  There  is  always  a 
considerable  portion  of  the 
body  situated  in  front  of  the 
mouth,  constituting  the  so- 
called  "  prae-oral  region,"  or 
"  prostomium  " ;  and  this  is 
often  modified  into  a  singu- 
lar protrusible  and  retractile 
organ  called  the  "probos- 
cis."      The   mouth   opens 

into    a     muscular     pharynx,  Fig.  i5i.--pnc  of  the  PlanariM  Worms  (^^ 

....        -                    -ill              J  iopUiHa  tremellaru),  ^niaxgea.   tf  Mouth  :^ 

which  IS  01  ten  evertlble  ;  and  ProboscU;  g  The  principal  nerve^anghon. 

tfi^   intPcHiK^k   TYiav  h^   pUVi^r  placed  in  the  antenor  part  of  the  body,  and 

tne   mtestme   may  Oe   eitner  ^j^^^  ^^  numerous  radiating  branches  («); 

straight  or  branched,  but  al-  7  Penis ;  vd.  Vas  deferens ;  vs  Vesicula  sem- 

— —^  *^,.*««;»»4..a.<«  ^^^^\U,  K^  inalis;  am  Opening  of  male  reproductive  or- 

WayS   termmateS  CSecally  be-  -^ans;  t  Testis:  ^^^  Ovary;  u  Uterus,  partly 

hind,  and  is  never  provided      n"«=^  .^»'^  «««* »  */  Opening  of  the  female 

.  r^  .  .    *^         mi  reproductive  organs ;  rs  Receptaculum  sem- 

Wlth  an  anal  aperture.      The        inu ;  ga  Albummiparous  gland. 

"  water  -  vascular    system  " 

communicates  with  the  exterior  by  two  or  more  contractile 
apertures.  The  Land-Planarians  (Geoplanidce)  have  the  or- 
dinary branched  water-vascular  system  replaced  by  two  nearly 
simple  canals,   which  are  occupied  by  spongy  tissue,   and 
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are  not  certainly  known  to  communicate  with  the  exterior. 
The  nervous  system  consists  of  two  ganglia,  situated  in 
front  of  the  mouth,  united  by  a  commissure,  and  giving  off 
filaments  in  various  directions.  Pigment-spots,  or  rudimen- 
tary eyes,  from  two  to  sixteen  in  number,  are  often  pres- 
ent, and  are  always  placed  in  the  prae-oral  region  of  the 
body.  The  male  and  female  organs  are  united  in  the  same 
individual,  and  the  process  of  reproduction  may  be  either 
sexual,  by  means  of  true  ova,  or  non-sexual,  by  internal  gem- 
mation or  transverse  fission.  Development  may  be  direct,  or 
there  may  be  a  marked  metamorphosis. 

The  Planarians  have  been  divided  into  two  sections,  as 
follows : — 

Sutton  A.  Rhabdoccela. — Intestine  straight,  not  branched ; 
body  elongated,  rounded,  or  oval. 

Section  B.  Dendroccela. — Intestine  branched  or  arbores- 
cent; body  flat  and  broad. 

Sub-order  II.  Nemertida. — The  Nemertida,  or  "  Ribbon- 
worms,"  agree  in  most  essential  respects  with  the  Planarida. 
They  are  distinguished,  however,  by  their  elongated,  vermi- 
form shape,  by  the  presence  of  a  distinct  anus,  by  the  posses- 
sion of  a  distinct  perivisceral  cavity,  by  the  presence  of  a 
closed  system  of  "  pseudohaemal^'  vessels,  and  by  the  fact  that 
the  sexes  are  generally  distinct.  The  external  surface  of  the 
body  is  richly  ciliated,  and  is  underlaid  by  a  thick  glandular 
cutis,  beneath  which  are  well-developed  subcutaneous  muscles. 
The  digestive  canal  is  ciliated  internally,  and  consists  of  a 
muscular  gullet,  a  sacculated  stomach,  and  an  intestine  with 
a  distinct  anus.  In  Pelagonemertes  (fig.  153)  the  alimentary 
canal  is  branched,  as  in  many  Planarians.  The  nervous  system 
consists  of  two  large  cephalic  ganglia,  united  by  a  double  com- 
missure, and  sending  lateral  cords  backwards.  The  so-called 
"circulatory  system"  (" pseudohaemal"  system)  is  composed 
of  closed  contractile  vessels,  sometimes  containing  a  corpus- 
culated  fluid.  In  a  few  forms  (as  in  Tetrastemma)  there  may 
be  water  -  vessels  in  addition  to  the  pseudohaemal  vessels. 
"  Along  the  median  line  of  the  dorsum  lies  a  special  muscular 
sheath,  containing  a  complicated  proboscis,  and  a  highly  or- 
ganised corpuscular  fluid,  both  the  sheath  and  the  proboscis 
passing  between  the  coounissures  of  the  ganglia  in  front " 
(M*Intosh).  The  evertible  and  muscular  sheath  of  the  pro- 
boscis may  be  as  long  as  the  whole  body,  and  the  extremity 
of  the  latter  may  or  may  not  be  protected  by  one  or  more 
spines  (fig.  152).  The  sexes  are  mostly  in  separate  individuals, 
and  the  generative  organs  have  the  form  of  sacs  placed  between 


NEMERTIDA. 


281 


the  muscular  walls  of  the  body  and  the  digestive  canal,  and 
discharging  their  contents  by  lateral  pores. 

As  r^ards  the  development  of  the  Nemerteans,  there  may  or  may  not 
be  a  metamorphosis.  In  some  forms,  the  egg  gives  rise  to  a  helmet-shaped 
ciliated  provisional  larva,  which  was  originally  described  imder  the  name 


Fi^.  152.  —  Morphology  of 
Nemtrtida,  Prwiiyn' 
ckus  Jluviatilis  :  o 
Mouth  ;  c  Ciliated 
grooves  (sense-organs  ?)  ; 
X  Spine,  attached  behind 
to  (jf)  the  sac  of  the  pro- 
boscis ;  ig  Gullet ;  g  Gas- 
tric glands  ;  i  Intestine ; 
00  Oyary.  The  proboscis 
in  this  form  is  very  small. 
(After  Gegenbaur.) 


Fig'  '55'  —  Ncmertida.  Pelagorumertes  Rot- 
lestoHtt  a  pelagic  Nemertid,  viewed  from  the 
ventral  surface.  ^  Proboscis,  partially  pro- 
truded ;  m  Opening  of  the  mouth  ;  i  Ali- 
mentary canal,  with  its  lateral  diverticula, 
shaded  darkly ;  x  The  sheath  of  the  probos- 
cis, more  lighdy  shaded;  n  n  The  nerve- 
ganglia,  placed  one  on  each  side  of  the  mouth, 
and  each  givinz  off  a  long  lateral  and  back- 
wardly- directed  branch,  external  to  which, 
on  each  side,  is  a  row  of  ovaries  ip).  (After 
Moseley.) 


of  Pilidium,  and  which  is  in  many  respects  similar  to  the  ciliated  pseudem- 
bryo  of  the  Echinoderms.  The  young  Nemertine  is  ultimately  produced  in 
the  interior  of  the  Pilidium^  by  the  formation  of  a  ma.ss  of  formative  matter 
which  grows  round  and  appropriates  the  alimentary  canal  of  the  larva,  and 
finally  breaks  through  the  ciliated  skin  of  the  latter. 

The  Nemerteans  are  mostly  marine  in  their  distribution,  a 
few  forms  inhabiting  fresh  water,  and  two  (the  Tetrastemma 
of  the  Bermudas  and  Philippine  Islands)  being  found  in  moist 
places  on  land.     They  are  found  from  the  Arctic  seas  to  the 
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equator,  most  of  them  being  littoral  in  their  habits,  though 
some  live  at  considerable  depths.  Some  forms  (like  the  leech- 
like Malacobdella)  are  parasitic  on  Crustaceans  or  Molluscs. 
Recently,  Professor  Moseley  has  described  a  peculiar  group 
of  Nemerteans  under  the  name  of  Pelagonemertida,  which  are 
pelagic  in  their  habits.  These  oceanic  forms  (fig.  153)  have  a 
broad,  gelatinous,  flattened  body,  and  a  ramified  digestive  tract, 
and  thus  make  a  near  approach  to  the  dendrocoelous  Plan- 
arians.  No  certain  remains  of  Nemertids  are  known  to  occur 
in  the  fossil  state,  though  some  obscure  remains  have  been 
referred  to  this  group. 

Enteropneusta. — Allied  on  the  one  hand  to  the  Echinoderms,  and  on 
the  other  hand  to  the  Worms,  is  the  singular  genus  BalanoglossuSy  for 
which  the  group  of  the  Enteropneusta  has  been  founded.  The  species  of 
BcUanoglossus  burrow  in  the  sand  of  the  sea-bottom,  extending  their  range 
to  2500  fathoms  in  depth.  The  body  in  this  genus  is  worm-like,  and 
terminates  anteriorly  in  a  muscular  collar,  in  front  of  which  is  a  large 
protrusible  hollow  proboscis.  The  external  integument  is  ciliated,  as  in 
the  Nemerteans,  and  there  are  no  setiform  organs  of  locomotion,  such  as 
are  found  in  so  many  Annelides.  The  mouth  opens  ventrally  at  the  point 
where  the  collar  and  proboscis  join,  and  leads  into  a  phar3mx,  the  upper 
part  of  which  is  specially  modified  to  serve  as  a  respiratory  organ.  This 
portion  of  the  pharynx  has  its  walls  supported  by  a  chitinous  framework,  with 
intervening  ciliated  apertures,  from  which  the  water  taken  in  at  the  mouth 
passes  out  into  a  series  of  chambers,  which  in  turn  communicate  with  the 
exterior  by  a  row  of  dorso-lateral  slits  on  each  side.  A  pseudohsemal 
system  of  vessels  is  present,  and  the  sexes  are  in  different  individuals.  The 
larva  of  Balanoglossus  in  many  respects  resembles  the  pseudembryo  of  some 
of  the  Echinoderms,  and  was  originally  described  by  MUller  as  the  young  of 
a  Star-fish,  under  the  name  of  Tornaria,  The  larva  is,  however,  developed 
into  the  adult  by  a  rapid  change,  not  accompanied  by  any  absorption,  or 
casting  off,  of  any  portion  of  the  former.  As  regards  its  respiratory  organs, 
Balanoglossus  shows  some  interesting  resemblances  to  the  Tunicates ;  and 
Bateson  has  shown  that  it  has  also  some  points  of  relationship  with  the 
Lancelet  {Amphioxus). 


CHAPTER    XXIII. 
NEMATELMIA. 

I.  ACANTHOCEPHALA.       2.  GORDIACEA.      3.  NeMATODA. 

Division  II.  Nematelmia. — This  section  may  be  considered 
as  comprising  those  Scolecids  in  which  the  body  has  an  elon- 
gated and  cylindrical  shape.     Most  of  the  Nematelmia  possess 
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an  annulated  integument;  but  there  is  no  true  segmentation, 
and  there  are  rarely  any  locomotive  appendages  attached  to 
the  body.  The  majority  are  unisexual,  and  parasitic  during 
the  whole  or  a  part  of  their  existence.  Three  orders  are 
comprised  in  this  division — viz.,  the  Acanthocephala^  the  Gor- 
diaceoy  and  the  Nematoda, 

Order  I.  Acanthocephala. —  Vermiform  internal  parasites^ 
without  mouth  or  alimentary  canal^  and  having  an  anterior  pro- 
trusible  proboscis  armed  with  recurved  hooks.     Sexes  distinct. 

The  Acanthocephala  are  entirely  parasitic,  vermiform  in 
shape,  and  devoid  of  any  mouth  or  alimentary  canal.  The 
front  end  of  the  body  (figs.  154  and 
155)  is  developed  into  a  retractile 
proboscis,  which  is  covered  with 
transverse  rows  of  recurved  hooks, 
and  by  means  of  which  the  parasite 
attaches  itself  to  the  wall  of  the  in- 
testine of  its  host.  The  integument 
(c  c)  is  highly  muscular,  and  the  pro- 
boscis is  contained  within  a  strong 
muscular  sheath,  and  can  be  re- 
tracted by  special  muscular  bands 
{m  m).  At  the  base  of  the  proboscis 
is  placed  a  single  nervous  ganglion, 
and  its  hinder  extremity  is  prolonged 
into  /,  the  so-called  "ligamentum 
suspensorium,"  a  fibrous  band,  which 
supports  the  generative  organs.  The 
sexes  are  in  different  individuals. 
The  water-vascular  (?)  system  is  in 
the  form  of  subcutaneous  reticulated 
canals  which  are  connected  with  two 
saccular  organs  or  "  lemnisci "  (d  b), 
placed  on  each  side  of  the  base  of 
the  proboscis,  but  the  vessels  of  this  ^?>Lj^i;^^^l&»  i;^S«^ 

system    do   not   appear  to    COmmuni-        kynchus  attgwtatus,  enlarged 

cate  with  the  exterior.  The  reticu- 
lated dermal  canals  are  sometimes 
regarded  as  being  nutritive  in  func- 
tion, while  the  lemnisci  have  been 
looked  upon  as  excretory  organs. 

The  order  Acanthocephala  includes 
only    one    genus,    namely,    Echino- 
rhynchus,  the  genus  Koleops  being  doubtfully  referred  here. 
All  the  Echinorhynchi  inhabit  in  their  adult  condition  the  in- 


hyncnns  onft^wf/n/iitf,  enlarged 
about  twelve  times :  /  Proboscis ; 
H  Neck ;  s  Muscular  sheath  of 
the  proboscis  ;  g  Ganglion ;  b  b 
"Lemnisci,"  or  sacs  connected 
with  the  water  •  vascular  sys* 
tern ;  /  Ligamentum  suspen- 
sorium  ;  m  tn  Retractor  muscles 
of  the  proboscis ;  /  /  Testes ;  v 
Vesicula  seminalis  :  c  c  Integu* 
ment.    (After  Leuckart.) 
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testines  of  fishes,  birds,  or  Mammals,  and  they  pass  through 
a  metamorphosis.  The  eggs  are  swallowed  by  Crustaceans 
or  insects,  and  give  exit  to  free  vermiform  embryos,  armed 
with  hooks.  These  burrow  out  of  the  intestine  of  their  host 
and  encyst  themselves  in  its  tissues,  not  becoming  finally 
developed  till  their  bearers  may  be  eaten  by  some  vertebrate 

animal.  Thus,  the  embryos 
of  Echinorhynchus  gigas  of 
the  pig  inhabit  the  larv3S  of 
the  cockchafer ;  whilst  those 
of  E,  angustatuSf  of  Cypri- 
noid  fishes,  live  in  the  in- 
terior of  fresh-water  Crusta- 
ceans. 

Order  IL  Gordiacea. — 
Vermiform  Scolecida,  para- 
sitic in  insects  during  a  por- 
tion of  their  existence.  An 
imperfectly  developed  alimen- 
tary canaly  or  none.  Water- 
7>ascular  system  rudimentary 
or  absent.     Sexes  distinct. 

The  Gordiacea^  or  "  Hair- 
worms," are  thread-like  Sco- 
lecids,  often  singularly  like 
hairs  in  appearance  (fig. 
156),  which  live  in  the  in- 
terior of  various  insects  dur- 
ing part  of  their  life.     The 

^'IkS'S'Jr^^^l^t^^-X^^^  ?«estive  system    is  imper- 
the  same,  still  furtiher  enUrged.  fect,  an  anal  aperture  being 

universally  wanting.  In 
Mermisy  the  gullet  ends  in  a  blind  sac ;  in  Gordius^  the 
digestive  tube  opens  into  the  body-cavity;  and  in  Sphceru- 
lariay  the  mouth  appears  to  be  wanting.  The  sexes  are  in 
diff"erent  individuals.  In  Gordius  itself,  the  embryo  (fig.  156, 
B)  is  free  and  aquatic,  having  a  retractile  snout  armed  with 
booklets,  by  means  Of  which  it,  after  a  time,  bores  its  way 
into  the  tissues  of  some  water-insect,  in  which  it  encysts  itself. 
The  sexually-mature  worms  are  found  in  the  interior  of  Or- 
thoptera  or  Neuroptera  ;  but  they  leave  their  hosts  and  betake 
themselves  again  to  an  aquatic  existence  for  the  purp)Ose  of 
laying  their  eggs.  The  adult  Mermis  is  found  principally  in 
Lepidoptera ;  whilst  Sphcerularia  inhabits  the  body-cavity  of 
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Bumble-bees.     A  form  of  the  Gordiacea  has  also  been  found 
at    great   depths    in    the    ocean, 
coiled  up  beneath  the  carapace 
of  shrimps  (Willemoes-Suhm). 

The  common  Hair-worm  {^Gordius 
aquaticus,  fig.  1 56),  is  found  in  ponds 
and  rivers  in  Europe  and  North  America, 
and  may  be  two  or  three  feet  long  when 
fiiUy  mature.  It  sometimes  occurs  in 
great  numbers,  inextricably  coiled  to- 
gether, and  may  be  found  in  moist  earth 
as  well  as  in  water.  The  adult  worm  is 
also  found  coiled  up  round  the  intestine 
of  Ground-beetles  or  Grasshoppers.  The 
eggs  are  white,  and  are  deposited  in 
long  chains  in  water.  The  embryo  is  at 
first  free  and  locomotive,  with  three  pairs 
of  cephalic  booklets,  a  well-developed 
alimentary  canal,  and  a  protrusible  pro- 
boscis. The  larva,  thus  armed,  makes 
its  way  into  the  larvae  of  water-insects, 
in  which  it  encysts  itself.  Should  the 
insect  -  larvae  thus  infested  be  eaten  by 
a  fish,  the  young  Hair-worm  bores  into 
the  intestinal  wall  of  the  latter,  and  again 
encysts  itself.  After  a  prolonged  period 
of  rest,  the  Gordius  larva  bores  out  of  its 
cyst  into  the  intestine  of  the  fish,  and 
escapes  with  the  faeces  into  the  surround- 
ing water,  when  it  becomes  converted 
into  the  adult  worm. 


.  156.— Gordiacea.  A,  A  small  in- 
dual  of  Gordius  aquaticus^  of 
the  natural  size.  B,  Larva  of  Gor- 
dius subfurtatusy  with  its  piercing 
proboscis  and  two  rows  of  hooks, 
enlarged. 


Order  III.  Nematoda  (or  Netnatoidea), — Cylindrical  ver- 
miform  Scoledds,  sometimes  parasitic^  sometimes  free ;  integu- 
ment not  ciliated ;  a  well-developed  alimentary  canal,  with  a 
mouth  and  anus,  suspended  freely  in  a  body-cavity ;  sexes  dis- 
tinety  or  rarely  united. 

The  Nematoda  comprise  the  so-called  "  Thread-worms  "  and 
"  Round-worms,"  and,  as  their  various  names  imply,  possess  a 
rounded  and  worm-shaped  body  (fig.  157),  sometimes  of  great 
length.  The  cuticle  is  chitinous  and  porous;  and  there  is 
generally  a  distinct  annulation,  though  no  true  segmentation 
exists. '  The  alimentary  system  is  well  developed,  the  mouth 
being  anterior,  and  usually  furnished  with  papillae  (fig.  158,  c\ 
The  gullet  opens  into  a  muscular  cavity  (the  so-called  gizzard 
or  "pharynx"),  from  which  an  intestine  conducts  to  a  ven- 
trally  or  terminally  placed  anus;  the  whole  digestive  tube 
being  freely  suspended  in  a  body-cavity,  which  is  filled  with 
a   sparsely  corpusculated  fluid.     There  is  a  water-vascular 
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system,  composed  of  two  lateral  tubes,  which  open  on  the 
surface  by  a  ventrally-placed  pore.     The  nervous  system  is  in 

the  form  of  a  ganglionic  ring,  sur- 
rounding the  gullet,  and  sending 
filaments  backwards  and  forwards. 
The  sexes  are  mostly  distinct,  the 
external  openings  of  the  reproduc- 
tive organs  being  placed  near  the 
anus  in  the  males,  but  usually  to- 
wards the  centre  of  the  ventral  sur- 
face in  the  females.  The  males 
are  usually  less  frequently  met  with 
and  of  smaller  size  than  the  fe- 
males, and  they  possess  a  single 
or  double  spicular  penis  (fig.  158, 
d).  Metamorphosis  may  or  may 
not  occur  during  development. 

As  before  said,  most  of  the  JVe- 
viatoda  are  internal  parasites,  in- 
habiting the  alimentary  canal,  the 
pulmonary  tubes,  the  blood,  or  the 
areolar  tissue,  in  man  and  in  many 
other  vertebrate  animals ;  but  a 
large  section  of  the  order  are  of 
a  permanently  free  habit  of  exist- 
ence. 

Amongst  the  more  important 
members  of  the  parasitic  section 
of  the  Nematoda  may  be  men- 
tioned the  Ascaris  lumbricoides^  the 
Oxyuris  vermicularisy  the  Tricho- 
cephalus  dispar,  the  Sclerostoma 
dtwdenalcy  the  Dracunculus  medin- 
ensiSf  and  the  Trichina  spiralis. 

Fig.  157.— Nematoda.    A,  Rhabditts 
btoculata^    female,    enlarged.      B, 


Portion  of  the  alimentary  tract  of 
OxYuris  vermicMlatiSy  enlarged. 
£  ouUet ;  V  Muscular  gizzard  (or 


The  Ascaris  lumbricoidesy  or  Common 
Round -worm,  inhabits  the  intestine  of 

^ ^      man,  and  sometimes  of  other  Mammals, 

phar^);  *  Chylific  stomach,  "or  especially  the  pig,  often  attaining  a  length 
anterior  end  of  the  intestine  (0 ;  of  several  inches.  The  ova  are  expelled 
o  o  Ovanes ;  >  Genital  pore.  ^j^j^  ^j^^  ^^^^^  ^^^  ^^^  embryo  is  devel- 

oped within  the  ovum  prior  to  its  rupture, 
but  not  till  after  the  lapse  of  several  months  (fig.  1 58,  d).  When  fully  formed, 
the  embryo  is  about  one-hundredth  of  an  inch  in  length,  and  its  development 
is  not  exactly  known,  though  it  appears  to  be  directly  transferred  from  river 
or  pond  water  to  the  alimentary  canal  of  its  host.  The  body  of  the  adult 
(6g.  158,  a)  is  cylindrical,  attenuated  at  both  extremities.  At  the  anterior 
extremity  is  a  subtriangular  mouth,  surrounded  by  three  tubercles  (fig. 
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15S,  r).  The  anus  is  situated  posteriorly.  The  females  are  larger  than 
the  males,  and  are  much  more  numerous.  These  parasites  are  much  more 
common  in  children  than  in  adults,  and  they  often  occur  in  considerable 
numbers.  They  are  usually  found  in  the  small  intestine,  though  they  some- 
times wander  into  other  situations. 
The  Oxyuris  vermictdaris^  or  **  Small  Thread-worm  "  (fig.  158,  e^f^  g\ 


Fig.  1^8. — Morpholo^  of  Nematoda.  a  Ascaris  lutftbricoidesy  male,  reduced  in  size ; 
b  Hinder  extremity  of  the  same,  with  the  spicular  penis,  enlarged ;  c  Head  of 
the  same  enlarged,  showing  the  tubercles  round  the  mouth ;  d  Ovum  of  the  same, 
highly  magnified,  with  the  fully-developed  worm  in  its  interior ;  e  Male  of  Oxyuris 
vermicularist  five  times  the  natural  size  ; /Female  of  the  same,  similarly  enlarged : 
£  Male  of  the  same,  highly  magnified  ;  h  Embryo  of  Drtuuncuius^  magnified  500 
diameters ;  i  Embryos  of  the  same,  magnified  60  diameters ;  /  A  single  Trichina^ 
encapsuled  in  the  muscles,  highly  magnified.  (Chiefly  after  Leuckart,  Spencer 
Cobbold,  and  Bastion.) 


is  a  gregarious  worm,  which  inhabits  the  rectum,  especially  of  children. 
It  is  the  smallest  of  the  intestinal  worms  of  man,  its  average  length  not 
being  more  than  a  quarter  of  an  inch,  but  the  females  are  much  bigger 
than  the  males. 

The  Trichocephalus  dispar  inhabits  the  caecum  of  man.  It  is  from  one 
and  a  half  to  two  inches  in  length,  and  the  anterior  two-thirds  of  the  body 
is  extremely  attenuated  and  thread-like. 

The  Dockmius  {ScUrostama)  duodenaU  inhabits  the  small  intestine  in  the 
human  subject,  and  is  far  from  uncommon  in  Italy  and  in  Egypt.  It  varies 
in  length  from  one-third  of  an  inch  to  half  an  inch,  the  females  being  the 
largest ;  and  the  symptoms  to  which  it  gives  rise  are  often  of  a  serious 
character. 


288 


MANUAL  OF  ZOOLOGY. 


The  Trichina  spiralis  is  a  singular  Nematoid,  which  gives  rise  to  a  pun- 
ful  and  not  uncommonly  fatal  train  of  symptoms,  somewhat  resembling 
rheumatic  fever.  The  Trichina  is  known  in  two  different  conditions, 
sexually  immature  or  mature.  In  its  sexually  immature  condition  it 
inhabits  the  muscles,  usually  of  the  pig  (the  rat,  however,  being  apparently 
its  true  host),  in  vast  numbers,  eacn  wonn  (fig.  158,  /)  being  coiled  up  in 
a  little  capsule  or  cyst  In  this  condition  the  worm  is  incapable  of  further 
development,  and  may  remain  for  a  long  period  without  chiuige,  and  with- 
out seeming;  to  produce  any  injurious  results  to  the  animal  affected.  In 
course  of  time  the  muscle-  Trichina  appears  to  degenerate  and  die,  owing 
to  the  ultimate  calcification  of  the  wall  of  the  enveloping  cyst  If,  however, 
a  portion  of  trichinatous  muscle  be  eaten  by  a  warm-blooded  Vertebrate, 
and  so  introduced  into  the  alimentary  canal,  an  immediate  development  of 
young  Trichina  is  the  result  The  immature  worms  escape  from  their 
enveloping  cysts,  grow  larger,  develop  sexual  organs,  and  give  birth  to  a 
numerous  progeny,  which  they  produce  vivi- 
parously.  The  young  Trichince  thus  pro- 
duced perforate  the  walls  of  the  alimentary 
canal,  and,  after  working  their  way  amongst 
the  muscles,  become  encysted.  If  the  ani- 
mal in  which  these  changes  go  on  has  suffi- 
cient vitality  to  bear  up  under  the  severe 
symptoms  which  are  produced  by  the  migra- 
tion of  the  Trichina^  he  is  now  safe ;  since 
they  cannot  become  sexually  mature,  or  de- 
velop themselves  further,  until  again  trans- 
ferred to  the  alimentary  canal  of  some  other 
animal.  The  female  Trichina  is  about  -^ 
of  an  inch  in  length,  and  the  male  about  half 
as  long. 

The  Guinea -worm  {Dracunculus  or  Fil- 
aria  mcdinmsis)  is  a  Nematode  worm,  which 
inhabits,  during  one  stage  of  its  existence, 
the  cellular  tissue  of  the  human  body,  gen- 
erally attacking  the  legs,  and  often  attain- 
ing a  length  of  several  feet.  All  known 
specimens  of  this  parasite  are  impregnated 
females,  containing  a  large  number  of  young. 
The  worm  remains  eml^ded  in  the  body, 
in  a  more  or  less  quiescent  condition,  for  a 
year,  less  or  more,  at  the  end  of  which  time 
It  seeks  the  surface,  in  order  to  get  rid  of  its 
young.  No  external  aperture  to  the  genital 
organs  has  hitherto  been  proved  to  exist, 
and  it  seems  possible  that  the  young  are 
produced  within*  the  body  of  the  parent  by 
a  process  of  internal  gemmation.  The  young 
Filaria  (fig.  1 58,  h  and  1)  consists  of  a  ver- 
miform body,  terminating  in  a  hair-like  tiul ; 
and  when  set  free  from  the  parent,  its  further 
development  probably  takes  place  in  water, 
when  it  has  been  shown  to  pass  into  the 
body  of  fresh-water  Crustaceans  ( Cyclops),  Whether  it  is  swallowed  in  this 
condition  by  man,  in  drinking  water ;  or  whether  it  has  a  free  stagey  in 
which  sexual  organs  are  developed  and  impregnation  of  the  females  effected, 
is  still  an  open  question.     The  Guinea-worm  is  only  known  to  occur  within 


Fig.  159. — Free  Nematoids.  A, 
Anpiillula  tueti;  B,  Dmy- 
laimus  staenaHs.  Magnified. 
(After  Bastian.) 
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the  intertropical  regions  of  both  the  Old  and  New  World,  and  is  especially 
abundant  in  Africa,  Persia,  and  India. 

In  addition  to  the  above-mentioned  forms,  it  may  be  noted  that  minute 
parasitic  Nematoids  are  not  uncommonly  found,  sometimes  in  vast  numbers, 
in  the  blood  of  various  animals,  including  the  dog,  man  himself,  and  various 
birds.  Some  of  these  hsematozoa  are  embryonic,  others  appear  to  be  mature, 
and  they  may  or  may  not  give  rise  by  their  presence  to  appreciable  morbid 
symptoms.  The  ongin  of  these  hsematozoa,  their  development,  and  the 
mode  in  which  they  are  introduced  into  the  blood,  are  subjects,  for  the 
most  part,  still  shrouded  in  obscurity.  The  most  remarkable  species  is  the 
Filaria  sanptiftts-hominiSf  which  in  its  immature  state  inhabits  the  blood 
of  man  in  mtertropical  regions,  its  presence  being  commonly  associated 
with  chyluria,  haematuria,  and  other  morbid  affections. 

The  second  section  of  the  Nematoda  comprises  worms  which  are  not  at 
any  time  parasitic,  but  which  are  permanently  free.  The  typical  group  of 
the  "Free  Nematoids"  is  that  of  the  Anguiilulida,  of  which  about  two 
hundred  species  have  been  already  described,  mostly  inhabiting  fresh  water 
or  the  sea.  They  resemble  the  parasitic  Nematoids  in  all  the  essential 
features  of  their  anatomy,  but  they  differ  in  often  possessing  pigment-spots, 
or  rudimentary  eyes,  in  being  mostly  provided  with  a  terminal  sucker,  and 
in  bringing  forth  comparatively  few  ova  at  a  time ;  the  dangers  to  which 
the  young  are  exposed  being  much  less  than  in  the  parasitic  forms. 
Amongst  the  more  familiar  free  Nematoids  are  the  Vinegar  Eel  (Anguil- 
lula  acetic  fig.  159,  A)  and  the  Tylenchus  (or  Vibrio)  tritici^  which  pro- 
duces a  sort  of  excrescence  or  gall  upon  the  ear  of  wheat,  causing  the 
disease  known  to  farmers  as  the  **  Purples,"  or  **  Ear  Cockle." 

The  parasitic  and  free  Nematoids  are  connected  together  by  Rhabdoftema 
{Ascaris)  m^rtn/efiosum,  which  in  succeeding  generations  is  alternately  free 
and  parasitic.  This  Ascaris  has  long  been  known  as  inhabiting  the  lungs 
of  the  frog,  but  it  has  been  shown  by  Mecznikow  that  "the  young  of  this 
animal  become  real  free  Nematoids ;  for,  after  passing  from  the  intestine 
of  the  frog  into  damp  earth  or  mud,  they  gp-ow  rapidly,  and  actually  develop 
in  the  course  of  a  few  days,  whilst  still  in  this  external  medium,  into  sex- 
ually mature  animals.  Young,  differing  somewhat  in  external  characters 
from  their  parents,  are  soon  produced  by  them,  and  these  attain  merely  a 
certain  stage  of  development  whilst  in  the  moist  earth,  arriving  at  sexual 
maturity  only  after  they  have  become  parasites,  and  are  ensconced  in  the 
lung  of  the  frog"  (Bastian).  The  individuals  which  are  found  in  the  lung 
of  the  frc^  are  not  of  two  sexes,  but  are  all  structurally  females.  They 
have  the  power,  however,  of  producing  spermatozoa  in  the  ovaries. 

Perhaps  in  the  neighbourhood  of  the  free  Nematoids  may  be  placed  the 
aberrant  genus  Chaiosoma,  in  which  there  is  a  double  row  of  ventral 
bristles  posteriorly,  while  the  anterior  extremity  is  swollen  and  also  fur- 
nished with  bristles.     Chatosoma  is  found  in  the  sea,  and  leads  a  free  life. 


CHAPTER    XXIV. 

ROTIFERA, 

Sub-class  Rotifera  (Rotatoria^ — The  Rotiferay  or  "  Wheel- 
Animalcules,"  constitute  a  peculiar  group  of  organisms,  which 
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may  be  regarded  as  forming  a  special  division  of  the  Scolecids, 
though  there  is  nothing  worm-like  about  their  general  appear- 
ance. 

The  Rotifera  are  minute  animals^  rarely  parasitic^  inhabiting 
water ^  and  usually  provided  with  an  anterior  ciliated  disc.^  capable 
of  inversion  and  ever  sum.  In  the  females  there  is  a  distinct  mouthy 
alimentary  canal,  and  anus,  A  nervous  system  is  also  present, 
corisisting  of  ganglia  situated  near  the  anterior  extremity  of  the 
body,  and  sending  filaments  backwards,  A  water-vascular  system 
is  also  present.     The  sexes  are  distinct. 

Most  of  the  Rotifera  are  almost  or  quite  invisible  to  the 
naked  eye,  and  they  are  all  extremely  minute,  none  of  them 
attaining  a  greater  length  than  ^th  of  an  inch.  They  are  all 
aquatic  in  their  habits,  and  in  the  great  majority  of  cases  are 
free-swimming  animals,  some,  however,  being  permanently 
fixed,  as  is  the  case  with  Stephanoceros,  Melicerta  (fig.  i6o,  B), 


Fig.  i6o. — Rotifera.  A,  Diagrammatic  representation  ot  Hydatina  senia  (generalised 
from  Pritchard) :  a  Depression  ("  buccal  funnel  ")  in  the  ciliated  disc  leading  to  the 
digestive  canal  ;  b  Mouth  ;  c  Pharyngeal  bulb  or  mastax,  with  the  masticatory  ap- 
paratus ;  d  Stomach  ;  e  Cloaca  ;  /"Contractile  bladder  ;  gg  Respiratory  or  water- 
vascular  tubes;  h  Nerve-ganslion,  giving  filament  to  ciliated  pit  {K)\  o  Ovary. 
B,  Melicerta  ringens.    (After  Gosse.) 

and  Floscularia,  They  are  usually  simple,  but  are  occasionally 
composite,  forming  colonies,  as  in  Megalotrocha,  As  a  rule, 
the  male  and  female  Rotifera  differ  greatly  from  one  another, 
the  males  being  smaller  than  the  females,  destitute  of  any 
masticatory  or  digestive  apparatus,  and  more  or  less  closely 
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resembling  the  young  form  of  the  species.  The  most  charac- 
teristic organ  in  the  great  majority  of  the  Rotifera^  is  the  so- 
called  "  wheel-organ,"  or  "  trochal  disc,"  which  is  always  situ- 
ated at  the  cephalic  or  distal  end  of  the  body,  and  consists  of 
a  retractile  disc,  surrounded  by  a  circlet  of  cilia,  which,  when 
in  action,  vibrate  so  rapidly  as  to  produce  the  illusory  impres- 
sion that  the  entire  disc  is  rotating. 

The  disc,  which  carries  the  cilia,  is  capable  of  eversion  and 
inversion,  and  may  be  circular,  reniform,  bilobed,  four-lobed, 
or  divided  into  several  lobes.  It  serves  the  purpose  of  loco- 
motion in  the  free-swimming  forms,  acting  somewhat  like  the 
propeller  of  a  screw-steamer ;  and  in  all  it  serves  to  produce 
currents  in  the  water,  which  convey  the  food  to  the  mouth. 

In  ChatonotuSf  and  some  other  forms  (Gastrain'cAa),  there  is  no  true 
wheel-organ,  capable  of  protrusion  and  retraction,  but  the  cilia  are  variously 
disposed  over  the  surface  of  the  body.  The  Chatonoti  or  Hairy-backed 
Animalcules  have  no  jaws,  and  have  the  ventral  surface  of  the  body  clothed 
with  dlia.  They  have  often  been  placed  in  the  Turbellaria^  but  there 
seem  to  be  good  reasons  for  regarding  them  as  an  aberrant  group  of  Rota- 
toria.    Balatro  and  Apsilus  are  non-ciliated  in  the  adult  condition. 

The  body  is  often  imperfectly  segmented  externally,  and  its 
proximal  extremity  is  variously  modified,  constituting  what  has 
been  called  the  "  foot."  In  such  fixed  Rotifers  as  Melicerta 
(fig.  160,  B),  the  foot  is  not  retractile,  and  terminates  in  a 
disc  of  attachment.  On  the  other  hand,  in  most  free  Rotifers 
the  "  foot "  is  more  or  less  retractile,  sometimes  telescopic, 
and  usually  ends  in  a  pair  of  diverging  processes  or  "  toes " 
(fig.  160,  A).  By  means  of  these,  the  animal  can  either  creep 
about,  or  can  fix  itself  temporarily  to  foreign  objects  through 
the  medium  of  a  viscid  secretion  produced  by  the  so-called 
"foot-glands." 

In  a  depression  on  the  ventral  side  of  the  ciliated  disc  is  the 
oral  opening,  which  conducts  by  the  so-called  "  buccal  funnel " 
to  a  pharynx,  which  is  surrounded  by  a  muscular  covering  or 
**  mastax."  Within  the  pharynx  is  placed  a  complicated  mas- 
ticatory apparatus,  consisting  essentially  of  two  hammer-like 
structures  ("  mallei ")  and  a  central  anvU-like  piece  ("  incus  "), 
all  the  parts  of  which  are  set  in  motion  by  proper  muscles. 
The  pharynx  opens  by  a  short  gullet  into  a  simple  sac-like 
stomach,  with  which  are  connected  "  gastric  glands,"  possibly 
representing  a  liver.  The  intestine  is  short,  and  terminates 
behind  in  a  dilated  chamber  or  ''cloaca,"  which  forms  the 
common  outlet  of  the  digestive,  generative,  and  water-vascular 
systems,  and  opens  by  a  dorsally-placed  median  aperture  at 
the   commencement   of  the  "foot."     In  some  forms   (e,g,y 
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Asplanchna)  the  digestive  canal  ends  blindly;  while  the 
males,  as  before  remarked,  are  destitute  of  any  alimentary 
canal. 

The  so-called  "  water-vascular  "  system  consists  of  two  lat- 
eral tubes  (sometimes  called  the  "  respiratory  tubes  "),  which 
are  filled  with  a  watery  fluid,  and  carry  on  their  sides  a  series 
of  ovate  or  pyriform,  internally-ciliated  vesicles  or  short  tubes. 
These  open  into  the  body-cavity  by  means  of  their  funnel- 
shaped  ciliated  extremities.  The  two  lateral  canals  generally 
open  into  a  so-called  "contractile  bladder,"  which  exhibits 
rhythmical  contractions  and  dilatations,  and  which  opens  into 
the  cloaca.  This  .peculiar  system  of  vessels  has  been  com- 
pared with  the  "  segmental  organs  *' 
of  Annelides,  and  is  usually  believed 
to  be  excretory  in  function. 

There  is  no  proper  vascular  sys- 
tem, nor  are  definite  respiratory 
organs  developed ;  but  the  perivis- 
ceral cavity  is  filled  with  a  corpus- 
culated  fluid,  corresponding  with  the 
blood  of  the  higher  animals. 

The  nervous  system  is  in  the  form 
of  a  usually  bilobed  "  cerebral  " 
ganglion,  placed  dorsally  above  the 
oesophagus,  and  of  relatively  re- 
markably large  size.  Closely  con- 
nected with  the  central  mass  of  the 
nervous  system  is  an  unpaired  or 
paired  pignient-spot,  which  is  an 
organ  of  vision.  Other  sense-organs, 
j)robably  tactile,  are  often  present, 
in  the  form  of  two  knobs  surmounted 
by  bristles,  and  placed  at  the  back  of 
the  head. 

The  male  reproductive  organs  con- 
sist of  a  sac-like  testis,  which  opens 
posteriorly.  The  female  reproduc- 
tive organs  consist  of  a  large  ovary, 
the  duct  of  which  opens  into  the 
cloaca.  The  ova  which  are  pro- 
duced in  autumn  ("winter -eggs") 
have  thick  shells,  and  are  fertilised 
in  the  usual  manner.  The  so-called  "  summer  ova,"  on  the 
other  hand,  have  thin  shells,  and  appear  to  be  developed 
parthenogenetically. 


Fig.  x6i. — Rotifera.  Eospkara  au- 
riia^  one  of  the  WheeUanimal- 
cules.  Enlarged  about  250  dia- 
meters.   (After  Gosse.) 
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The  typical  group  of  the  RoHfera  is  that  of  the  NotomntaHna  (ffydatsnea 
of  Ehrenberg).  In  this  group  (fig.  161)  the  animals  are  all  permanently 
free,  and  are  never  combined  into  colonies,  while  the  int^ument  is  flexible, 
and  the  body  is  never  encased  in  a  tube. 

Sitphandceros  and  FlosctUaria,  on  the  other  hand,  are  fixed,  and  are 
enclosed  in  a  gelatinous  tube  which  is  secreted  by  the  animal.  Melicerta 
(fig.  160,  B)  inhabits  a  tubular  case,  which  the  animal  forms  for  itself  by 
means  of  a  special  organ  for  the  purpose  ;  whilst  Polyarthra  and  Triarthra 
are  protected  by  a  stiff  shell,  or  **  lorica.** 

In  Polyarthra  there  are  ensiform  fins,  jointed  to  the  body  by  distinct 
shelly  tubercles,  and  moved  by  powerful  muscles.  These  natatory  organs 
are  considered  by  Mr  Gosse  to  be  homologous  with  the  articulated  limbs 
of  the  Arthropoda,  Locomotive  appendages  are  also  present  in  Triarthra 
and  Pedalion, 

In  Asplanchnay  whilst  the  masticatory  organs,  gullet,  and  stomach  are 
well  developed,  there  is  no  intestine,  the  stomach  '*  hanging  like  a  globe  in 
the  centre  of  the  body-cavity,"  but  not  communicating  with  the  body- 
cavity. 

The  genus  Echinoderes^  lastly,  includes  certain  minute  marine  organisms, 
in  which  the  body  is  imperfectly  segmented,  but  there  are  no  limte.  The 
anterior  segment  of  the  body  is  furnished  with  booklets,  and  constitutes  a 
protnxsible  proboscis.  The  genus  forms  a  link  between  the  Scolecids  and 
the  higher  Annulosa. 

As  regards  their  distribution  in  space,  the  Rotifera  have  an 
almost  world-wide  range.  The  majority  of  the  known  forms 
are  inhabitants  of  fresh  water,  but  a  few  live  in  the  sea. 
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CHAPTER     XXV. 

ANARTHROPODA. 

The  division  Anarthropoda  includes  the  three  classes  of  the 
Spoon-worms  {Gephyrea\  the  Ringed  Worms  {Annelida)^  and 
the  Arrow-worms  {Chcdtognatha\  and  constitutes  the  highest 
section  of  the  "  Vermes  "  of  modern  zoologists.  To  these  a 
fourth  class  may  be  added  for  the  reception  of  the  small  and 
aberrant  group  of  the  Myzostomida,  The  members  of  this 
divisibn  are  characterised  by  the  possession  of  an  elongated 
worm-like  body,  which  usually  shows  a  conspicuous  composi- 
tion out  of  similar,  or  nearly  similar,  segments,  which,  how- 
ever, are  not  numerically  definite.      The  nervous  system,  in 
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the  typical  members  of  the  division,  consists  of  a  ventrally- 
placed  double  chain  of  ganglia,  one  pair  of  ganglia  correspond- 
ing with  each  segment,  the  anterior  pair  being  placed  above 
the  gullet,  and  all  being  united  by  longitudinal  commissures. 
Lateral  locomotive  appendages  are  usually  present,  but  are  not 
composed  of  successive  joints,  nor  are  articulated  to  the  body. 
A  true  blood-vascular  system  is  not  developed ;  but  there  is 
usually  a  closed  system  of  "  pseudohaemal "  vessels. 

Gephvrea. 

Class  I.  Gephvrea  =  {Stpuncuioidea), —  Vermiform  marine 
animals^  without  distinct  external  segtnentationy  and  destitute  of 
lateral  appendages  {with  the  occasional  exception  of  bristles). 
There  is  a  single^  non-ganglionated  ventral  nerve-cord^  connected 
by  commissures  with  a  supra-ossophageal  ganglion.  A  pseudo- 
haemal  system  of  vessels  is  present,  and  the  sexes  are  distinct. 

The  members  of  this  class  are  generally  known  as  "  Spoon- 
worms,"  and  they  form  a  connecting  link  between  the  Echino- 
derms  and  the  Annelides.     The  body  in  the  Spoon-worms  is 


Fig.  162. — Gcphyrea.    Sipunculns  ittdicus^  of  the  natural  size.    (After  Keferstein.) 

worm-like,  and  the  integument  may  be  more  or  less  ringed, 
though  definite  segmentation  does  not  occur.  In  some  cases 
the  skin  is  furnished  with  bristles  (as  in  Echiurus) ;  while  in 
CJuBtoderma  the  integument  develops  calcareous  spines.  The 
outer  layer  of  the  skin  is  chitinous,  and  is  underlaid  by  a 
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glandular  layer,  with  an  inferior  muscular  stratum  of  longitu- 
dinal and  circular  muscular  fibres. 

The  alimentary  canal  begins  in  a  funnel-shaped  pharynx, 
which  opens  into  a  long  digestive  tube,  the  middle  portion 
of  which  is  spirally  coiled.  The  last  portion  of  the  intestine 
(rectum)  opens  by  a  terminal  or  dorsally-placed  anus.  The 
mouth  is  anterior,  and  is  often  placed  ventrally  at  the  base  of 
a  contractile  proboscis,  or  may  be  surrounded  by  ciliated  ten- 
tacles (as  in  Sipunculus), 

The  body-cavity  is  filled  with  a  corpusculated  "  perivisceral 
fluid,"  often  of  a  reddish  colour,  which  corresponds  with  the 
blood  of  the  higher  animals.  A  system  of  pseudohaemal 
vessels  is  also  present,  filled  with  a  colourless  or  red  fluid, 
and  furnished  with  longitudinally-placed  contractile  dilatations. 
Respiration  appears  to  be  eflected  by  means  of  the  skin 
principally,  assisted  by  the  oral  tentacles,  when  these  struc- 
tures are  present  Some  Gephyreans  (as,  for  example,  Echi- 
urus)  possess  also  a  pair  of  singular  tufted  tubes,  which  spring 
•from  the  last  part  of  the  intestine,  and  communicate  on  the 
other  hand  with  the  body-cavity  by  ciliated  funnel-shaped 
apertures.  These  so-called  "  anal  vesicles "  have  been  com- 
pared with  the  "  respiratory  tree "  of  Holothurians ;  but  they 
are  probably  excretory  in  function.  Anteriorly  there  are  also 
from  one  to  three  (rarely  six)  pairs  of  tubular  organs,  which 
open  by  pores  on  the  ventral  surface,  and  communicate  with 
the  body -cavity  by  ciliated  apertures.  These  are  usually 
regarded  as  corresponding  with  the  "  seg- 
mental organs  "  ("  nephridia  ")  of  the 
Annelides,  and  one  of  their  functions  is 
to  act  as  efferent  ducts  to  the  reproductive 
organs. 

The  nervous  system  consists  of  a  cere- 
bral ganglion,  sometimes  connected  with 
eye-spots,  a  pharyngeal  nerve -collar,  and 
an  unpaired  ventral  cord,  which,  though 
mostly  covered  with  nerve -cells,  has  no 
distinct  ganglia  developed  upon  it. 

As  regards  their  development,  the  larva 
(fig.  163)  has  generally  the  characters  of  Fig.  i63.-Larvaof/>Aa^. 
the  so-called  "  trochosphere,"  which  is  the     coiosoma  eUmgatum,  af- 

,     ,  e  \  ^v  A  ter  development  has  pro- 

usual  form    of  embryo    among   the    An-     ccedcd  to  some  extent. 

nelides.     It  consists  of  a  prae-oral  and 

post -oral  region,   sometimes   equal,   sometimes  unequal   in 

size,   separated    by   a   double    or   single   belt    of   cilia,    by 

means  of  which  the  larva   swims   actively.      In   the  aber- 
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rant  Pharonis  the  larva  was  originally  described  under  the 
name  of  Actinotrocha.  It  is  distinguished  by  the  possession 
of  an  oblique  ring  of  ciliated  tentacles  placed  behind  the 
mouth. 

The  Gephyrea  are  all  inhabitants  of  the  sea,  living  mostly  in 
sand  or  mud,  or  in  crevices  in  the  rocks,  sometimes  protect- 
ing themselves  within  the  empty  shells  of  Molluscs,  or  secret- 
ing a  chitinous  tube.  In  some  forms  such  as  Echiurus  and 
Sternaspis  {Gephyrea  cluztifera\  there  are  two  ventral  setae, 
and  sometimes  rings  of  bristles  at  the  hinder  end  of  the  body. 
In  other  forms,  such  as  Sipunadus  and  Priapulus  (Gephyrea 
ach4Zta\  the  skin  is  destitute  of  bristles.  Lastly,  a  third  group 
{Tubicold)  includes  the  singular  genus  Pharonis,  in  which  the 
body  is  protected  by  a  chitinous  tube,  and  the  mouth  is  sur- 
rounded by  a  horse-shoe-shaped  circlet  of  tentacles. 

Myzostomida. 

Class  II.  Myzostomida. — This  class  comprises  only  certain  small, 
symmetrical,  unsegmented  animals,  with  a  more  or  less  discoidal  body, 
which  carries  on  its  ventral  surface  five  pairs  of  unsegmented  movable 
feet  ("  parapodia  **),  each  of  which  has  a  hook  for  grasping.  The  alimen- 
tary canal  has  both  an  oral  and  an  anal  aperture,  and  the  stomach  is 
usually  branched.  The  ova  are  liberated  through  the  anus.  The  sexes  are 
usually  united  in  the  same  individual,  though  this  is  not  invariably  the 
case.  The  nervous  system  has  the  form  of  a  ventral  ganglion  situated 
below  the  intestine,  which  is  connected  with  a  pharyngeal  nerve-collar  in 
front,  but  the  latter  is  without  supra-oesophageal  ganglia.  There  are  no 
circulatory,  respiratory,  nor  excretory  organs. 

The  principal  genus  contained  in  this  group  is  Myzostoma,  comprising 
small  discoid  animals,  which  are  parasitic  on  and  in  Crinoids.  They 
usually  form  cysts,  somewhat  like  plant-galls,  upon  the  calyx,  arms,  or  pin- 
nules of  Feather-stars  or  other  Crinoids ;  but  some  types  crawl  about  upon 
their  host.  In  a  number  of  cases,  fossil  Crinoids  have  been  found  to  have 
the  arms  or  pinnules  distorted  by  the  cysts  of  Myzosioma. 

Annelida. 

Class  III.  Annelida  {  =  Annulata), — The  Annelida  are 
vermiform  animals,  distinguished  from  the  preceding  by  the 
possession  of  distinct  external  segmentation  ;  the  nervous  system 
is  composed  of  a  ventral,  double,  gangliated  cord,  with  an  oesopha- 
geal collar  and  prce-cesophageal  pair  of  ganglia. 

This  class  comprises  elongated  worm-like  animals,  in  which 
the  integument  is  always  soft,  and  the  body  is  more  or  less 
distinctly  segmented,  each  segment  usually  corresponding  with 
a  single  pair  of  ganglia  in  the  ventral  cord.  All  the  segments 
are  similar  to  one  another  except  those  at  the  anterior  and 
posterior  extremities  of  the  body.     Each  segment  may  also  be 
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provided  with  a  pair  of  lateral  appendages,  but  these  are  never 
articulated  to  the  body,  and  are  never  so  modified  in  the  region 
of  the  head  as  to  be  converted  into  masticatory  organs. 
In  the  higher  Annelida  each  segment  (fig.  164)  consists  of 


Fig.  164. — Diagrammatic  transverse  section  of  an  Annelide.  d  Dorsal  arc  ;  v  Ventral 
arc;  h  Branchise;  a  NotopNodium,  or  dorsal  oar;  b  Neuropodium,  or  ventral  oar, 
both  carrying  setae  and  a  jointed  cirrhus  {c), 

two  arches,  termed,  from  their  position,  respectively  the  "  dor- 
sal arc "  and  the  "  ventral  arc  " ;  and  each  bears  two  lateral 
processes,  or  "  foot-tubercles  "  {parapodia\  one  on  each  side. 
Each  "  foot-tubercle "  is  typically  double,  being  composed  of 
an  upper  process,  called  the  "  notopodium,"  or  "  dorsal  oar," 
and  a  lower  process  termed  the  "  neuropodium,"  or  **  ventral 
oar " ;  but  these  may  be  fused  together.  The  foot-tubercles, 
likewise,  support  bristles,  or  "setae,"  and  a  soft  cylindrical 
appendage,  which  is  termed  the  "cirrhus"  (fig.  164,  c). 

The  number  of  the  segments  varies  much,  being  as  many  as 
400  in  Eunice  gigantea  ;  and,  generally,  there  is  not  a  distinct 
head  which  is  separable  from  the  succeeding  rings  of  the  body. 
When  such  a  distinct  head  appears  to  be  present,  it  is  not  com- 
parable with  the  head  of  the  Arthropoda^  but  is  really  a  greatly 
modified  prae-oral  region,  or  "  prostomium,"  as  is  shown  by 
the  position  of  the  mouth.  The  **  prostomium ''  or  "  cephalic 
lobe "  is  placed  in  front  of  the  mouth,  and  often  carries  "  ten- 
tacles" above  and  tactile  processes  or  "palpi"  below. 

The  digestive  system  of  the  Annelides  consists  of  a  mouth, 
sometimes  armed  with  horny  jaws,  a  gullet,  stomach,  intestine, 
and  a  distinct  anus.     Except  in  the  Hirudinea^  the  alimentary 
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canal  is  suspended  in  a  capacious  perivisceral  space,  divided 
into  compartments  by  more  or  less  complete  partitions.  The 
alimentary  canal  is,  with  one  or  two  exceptions,  not  convol- 
uted, and  extends  straight  from  the  mouth  to  the  anus ;  but 
lateral  diverticula  are  often  present. 

The  body-cavity  contains  a  corpusculated  fluid,  which  cor- 
responds with  the  blood  of  the  higher  animals.  In  all  Anne- 
lides,  however,  there  exists  a  special  vascular  system,  consist- 
ing of  closed  vessels,  often  with  contractile  cavities  appended 
to  them,  filled  with  a  generally  coloured  fluid,  which  only 
occasionally  contains  floating  corpuscles.  This  system  of 
vessels  is  usually  termed  the  "  pseudohaemal "  system.  In 
many  cases  it  communicates  with  the  body-cavity ;  and  when 
there  are  definite  respiratory  organs  it  sends  branches  to 
these.  The  pseudohaemal  fluid  thus 
plays  an  important  part  in  the  respira- 
tion of  Annelides.  Distinct  breathing- 
organs,  in  the  form  of  branchiae,  are 
present  in  many  marine  Annelides ; 
but  in  other  cases  the  functions  of  res- 
piration is  discharged  by  the  general 
surface  of  the  body. 

The  excretory  organs  of  the  Anne- 
lides are  the  so-called  "segmental  or- 
gans," or  "nephridia."  In  their  sim- 
plest form  (as  in  the  ordinary  Leeches), 
each  segmental  organ  is  in  the  form  of 
a  much-folded  tube,  partly  labyrinthic, 
partly  vesicular,  often  with  an  appended 
caecum,  and  opening  externally  by  a 
distinct  aperture  or  *'  stigma,"  but  hav- 
ing no  internal  communication  with  the 
body-cavity.  In  these  cases,  the  seg- 
mental organs  may  be  regarded  as  rep- 
resenting the  kidneys  of  the  higher 
animals.  In  the  higher  Annelida^  the 
segmental  organs  are  usually  in  part 
subordinated  to  the  function  of  repro- 
duction. In  these  cases  (fig.  165)  the 
inner  surface  of  the  convoluted  tube, 
which  constitutes  the  segmental  organ, 
is  ciliated ;  and  the  tube  not  only 
opens  exteriorly  by  a  distinct  "stigma,"  but  also  communi- 
cates internally  with  the  perivisceral  cavity  by  a  w^idely 
patulous,   trumpet  -  shaped,   internally  -  ciliated    infundibulum 


-  Segmental 


Fig.    165.  _ 

of  a  Chaetopodous  Annei 


organ 
neOde 
{/ik{opa\  enlai:ged.  o  Ex- 
ternal aperture  or  stigma ;  / 
Tabular  and  ciliated  portion 
of  the  segmental  organ :  s 
Seminal  receptacle ;  i  Cili- 
ated infundibulum  opening 
into  the  body-cavity.  (After 
Clapar^de.) 
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(fig.  165,  /),  by  which  the  products  of  generation  may  be  taken 
up  and  conveyed  to  the  outer  medium.  Very  usually,  also, 
there  are  appended  to  the  tube  of  the  segmental  organ  blind 
glandular  pouches,  which  represent  the  kidneys,  or  in  other 
cases  csecal  appendices  (fig.  165,  s)  for  storing  up  the  genera- 
tive products. 

The  nervous  system  consists  of  a  double,  ventral,  gangliated 
cord,  which  is  traversed  anteriorly  by  the  cesophagus;  the 
" prae-cesophageal,"  or  "cerebral,"  ganglia  being  connected 
by  lateral  cords  or  commissures  with  the  "  post-oesophageal " 
ganglia.  Pigment-spots,  or  "ocelli,"  sometimes  of  high  or- 
ganisation, are  present  in  many,  generally  upon  the  proboscis, 
sometimes  in  each  segment,  or  on  the  branchiae,  or  on  the 
tail ;  and  the  head  often  supports  two  or  more  feelers,  which 
differ  from  the  "antennae"  of  Insects  and  Crustacea  in  not 
being  jointed. 

The  sexes  in  the  Annelida  are  sometimes  distinct,  and  some- 
times united  in  the  same  individual.  The  embryos  are  almost 
universally  ciliated,  and  even  in  the  adult  cilia  are  almost 
always,  if  not  always,  present — in  both  of  which  respects  this 
class  differs  from  the  Arthropoda, 

The  Annelida  may  be  divided  into  two  sections,  character- 
ised by  the  presence  or  absence  of  external  respiratory  organs 
or  branchiae.  The  Abranchiate  section  comprises  the  Leeches 
and  the  Earth-worms ;  whilst  the  Branchiate  division  includes 
the  Tube -worms  {Tubicola)  and  the  Sand-worms  (Errantia), 
The  Annelida  are  also  often  divided  into  two  sections,  called 
Chatopoda  and  Discophora^  according  as  locomotion  is  effected 
by  chitinous  setae  (Earth-worms,  Tube-worms,  and  Sand-worms) 
or  by  suctorial  discs  (Leeches). 


CHAPTER    XXVL 

ORDERS   OF  ANNELIDA. 

Order  L  Hirudinea  (Discophora  or  Suctoria), — This  order 
includes  the  Leeches,  and  is  characterised  by  the  possession  of 
a  locomotive  and  adhesive  sucker ^  posteriorly  or  at  both  extremi- 
ties^ and  by  the  absence  of  bristles  and  foot-tubercles.  The  sexes 
are  united  in  the  same  individual^  and  the  young  do  not  pass 
through  any  metamorphosis. 
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The  Leeches  are  vermiform,  mostly  aquatic  animals,  in- 
habiting both  fresh  and  salt  water.  Locomotion  is  effected 
either  by  swimming  by  means  of  a  serpentine  bending  of  the 
body,  or  by  means  of  one  or  two  suctorial  discs.  In  those 
forms  in  which  there  is  only  a  single  sucker  (posterior),  the 
head  or  anterior  extremity  of  the  body  can  be  converted  into 
a  suctorial  disc.  The  body  is  ringed,  nearly  one  hundred 
annulations  being  present  in  the  common  Leech ;  but  these 
external  rings  do  not  correspond  with  the  true  segments  of 
the  body,  and,  with  rare  exceptions  {Branchellion)^  there  are  no 
lateral  appendages  of  any  kind.  The  mouth  is  placed  at  the 
front  end  of  the  body,  and  may  or  may  not  be  furnished  with 
teeth.  The  pharynx  is  muscular;  tiie  gullet  leads  into  a 
stomach  with,  usually,  capacious  lateral  caeca  (fig.  167,  B) ; 
and  the  anus  is  placed  dorsally,  in  front  of  the  posterior 
sucker.  The  alimentary  canal  is  united  with  the  integument 
by  a  spongy  tissue,  formed  of  vascular  sinuses,  which  more  or 
less  completely  obliterate  the  body-cavity,  and  in  which  the 
blood  circulates.  The  pseudohaemal  system  generally  consists 
of  four  principal  longitudinal  trunks,  devoid  of  special  dila- 
tations. Respiration  is  carried  on  by  the  soft  integument, 
definite  respiratory  organs  not  being  developed.  The  "  seg- 
mental organs  "  are  in  the  form  of  a  larger  or  smaller  number 
of  coiled  tubes  (fig.  167,  B),  which  open  upon  the  abdominal 
surface  by  so  many  pores  or  "stigmata."  The  function  of 
these  tubes  appears  to  be  excretory,  and  in  the  majority  of 
the  Hintdinea  they  are  closed  internally,  and  only  open  ex- 
ternally by  the  "  stigmata."  In  some  of  the  Hirudineay  how- 
ever, the  "segmental  organs"  agree  with  those  of  the  great 
majority  of  the  Annelides  in  not  only  opening  externally,  but 
in  also  communicating  internally  with  the  perivisceral  cavity. 
One  pair  of  segmental  organs  corresponds  with  a  body-seg- 
ment ;  but  it  is  only  in  certain  segments,  in  the  middle  region 
of  the  body,  that  these  organs  are  developed.  In  many  cases 
seventeen  pairs  of  segmental  organs  are  present,  as  in  the 
Medicinal  Leech;  but  in  other  cases  the  number  of  these 
structures  is  much  smaller.  In  no  case  do  the  segmental 
organs  serve  to  convey  the  generative  products  to  the  exterior. 

The  nervous  system  consists  of  a  prae-oesophageal  ganglion, 
which  gives  branches  to  a  number  of  simple  eyes,  or  ocelli, 
which  are  placed  on  the  head,  and  which  is  united  by  lateral 
oesophageal  cords  to  the  ventral  gangliated  chain.  The  ven- 
tral chain  of  the  common  Leech  carries  twenty-three  succes- 
sive pairs  of  ganglia,  marking  the  composition  of  the  body  out 
of  the  same  number  of  segments ;  but  the  first  and  last  post- 
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oesophageal  ganglia  are  really  composed,  each,  of  several  gan- 
glia fused  together,  the  real  number  of  segments  being  more 
than  twenty-three. 

The  sexes  are  united  in  the  Hirudinea,  and  the  generative 
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Fi£^.  x66. — Hirudinea.  A,  Semi-dia^ramnmtic  view  of /'/V/V<7iSdc/^<'//r^/rrVa,  enlarged:  a 
The  anterior,  and  /  the  posterior  sucker;  g^  The  pharynx,  with  the  proboscis;  c 
The  proventriculus ;  s  The  proper  stomach;  o  Spnincter  separating  the  stomach 
from  the  intestine;  t  Intestine,  with  lateral  csca;  r  Rectum,  tennmatin^  in  the 
aperture  of  the  anus.  B,  Pontobdella  muricata^  of  the  natural  size :  a  Anterior,  and 
^posterior  sucker.  C,  NepheUs  octoculata^  viewed  from  above,  of  the  natural  size : 
/  Upper  lip,  carrying  the  eye-spots;  c  Posterior  sucker.  D,  Cocoon  of  the  preced- 
ing, with  ens,  enlarged.  E,  An  older  cocoon  of  the  same,  with  young  leeches,  en- 
larged.   (Alter  Leydig  and  Moquin-Tandon.) 

openings  are  unpaired.  The  testes  open  by  a  vas  deferens  on 
each  side  into  a  coiled  vesicula  seminalis,  connected  with  a 
prostatic  gland,  and  the  penis  is  azygous.  The  vaginal  open- 
ing is  placed  behind  the  male  generative  aperture.     The  ova 
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are  deposited  in  delicate  chitinous  capsules  or  "cocoons" 
(fig.  J  66,  D),  and  the  young  do  not  undergo  any  marked 
metamorphosis,  being  in  most  cases  essentially  similar  to  the 
adult  except  in  size. 
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Fig.  167.— A    Diagram  of  the  L«ech,  showing  the  nervous  system,  and  the  ten  eyes 


167.— A  Uiagram  ot  the  Leecn,  showmg  the  nervous  system,  ana  the  ten  eyes 
>laced  on  the  top  of  the  head.  B,  The  Leech  dissected  to  show  the  alimentary  canal 
t\  and  the  "segmental  organs"  (rrY^  as  Anterior  sucker;  /s  Hinder  sucker;  m  u 
Nervous  system ;  A  Head,  carrying  the  eye-spots. 
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In  the  Medicinal  Leech  (Hirudo  or  Sanguisuga  officinalis)^  the  body 
exhibits  externally  nearly  one  hundred  annulations,  of  which  from  three  to 
five  correspond  with  a  single  body-segment.  The  hinder  margins  of  the 
true  segments  are  marked  out  by  the  apertures  of  the  seventeen  pairs  of 
segmental  organs.  The  anterior  and  posterior  suckers  also  represent  each 
a  series  of  coalescent  segments  (the  anterior  containing  four,  and  the  pos- 
terior sev^n  segments).  The  anterior  sucker  is  perforated  centrally  by  the 
mouth,  and  is  prolonged  above  into  a  lanceolate  lip,  the  upper  surface  of 
which  bears  ten  minute  eyes  arranged  in  an  ellipse.     The  posterior  sucker 
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is  imperforate,  round,  and  constricted  off  from  the  body,  and  just  in  front 
of  it,  upon  the  dorsal  surface,  is  the  opening  of  the  anus. 

The  mouth  contains  three  minute  semilunar  serrated  jaws,  arranged  in  a 
tiiradiate  manner  (fig.  168,  d  and  c).  It  opens  into  a  small,  externally 
▼illous  pharynx,  continued  backwards  into  a 
digestive  sac,  the  so-called  "stomach,"  which 
occupies  the  greater  part  of  the  body.  The 
stomach  is  sacculated,  and  carries  eleven 
pouches  on  each  side,  the  first  pair  of  these 
being  the  smallest,  while  the  last  are  very  long, 
and  are  directed  backwards  in  the  axis  of  the 
body  (fig.  167,  B).  Between  the  last  pair  of 
diverticula  is  seen  the  short  intestine,  which 
terminates  at  the  dorsally-placed  anus. 

The  body -cavity  is  not  completely  differen- 
tiated from  the  vascular  system ;  but  there  are 
transverse  partitions  which  run  from  the  inter- 
vals between  the  gastric  pouches  to  the  body- 
wall,  and  the  spaces  between  these  are  filled 
with  spongy  tissue  containing  pseudohsemal 
sinuses.  The  principal  pseudohsemal  vessels 
are  (i)  a  median  dorsal  trunk,  (2)  a  median 
-ventral  trunk,  in  which  lies  the  ventral  nerve- 
chain,  and  (3)  two  wide  longitudinal  trunks, 
one  on  each  side  of  the  body.  The  pseudo- 
haemal  fluid  is  red,  and  non-corpusculated. 

There  are  seventeen  segmental  organs  on 
each  side  of  the  body,  ^ch  consists  of  an 
external  saccular  portion,  which  opens  on  the 
exterior  by  a  ventrally  -  placed  pore,  and  an 
internal,  tubular,  looped  portion  (fig,  167,  B). 
Certain  of  the  segmental  organs  send  ilind 
diverticula  to  the  testes;  but  their  inner  ends 
are  closed,  the  segmental  tubes  thus  neither 
communicating  with  a  body-cavity,  nor  being 
connected  wim  reproduction. 

The  nervous  system  consists  of  a  double  ventral  gangliated  chain,  com- 
posed of  one  supra-cesophageal  and  twenty-two  post-cesophageal  ganglia, 
and  their  commissures.  The  first  and  last  of  the  post-oesophageal  ganglia 
are  larger  than  the  rest,  and  represent,  each,  several  ganglia  fused  together. 
The  whole  of  the  post-oesophageal  portion  of  the  nerve-chain  is  enclosed  in 
the  ventral  blood-sinus. 

The  reproductive  organs  occupy  a  special  region  of  the  body,  which 
becomes  swollen  at  the  breeding  season,  and  is  termed  the  "clitellum." 
The  animal  is  hermaphrodite,  and  the  male  organs  consist  of  (i)  a  cirri- 
form  penis,  the  aperture  for  the  protrusion  of  which  is  placed  between  the 
24th  and  25th  annuli.  The  penis  passes  internally  into  (2)  a  swollen  and 
glandular  portion  (the  prostate),  into  which  open  (3)  two  ejaculatoiy  ducts, 
one  on  each  side  of  the  body.  The  ejaculatory  ducts  are  derived  from  (4) 
two  convoluted  pyriform  **vesicul2e  seminales,"  in  which  the  spermatozoa 
are  coated  into  "spermatophores."  Each  vesicula  seminalis  (or  "epi- 
didymis ")  opens  finally  into  (5)  a  long  vas  deferens,  to  which  are  appended 
bj  short  stalks  nine  globular  testes.  The  female  generative  organs  con- 
sist of  (i)  two  minute  ovaries,  the  ducts  of  which  unite  to  form  (2)  a  single 
oviduct  This  opens  into  (3)  a  wider  muscular  tube  or  vagina,  the  external 
aperture  of  which  is  placed  between  the  29th  and  30th  annuli. 

U 


x68.— Hinidinea.  a  The 
Medicinal  Leech  (Sangw- 
fug'aoJ^a'Haits\  natural  size; 
i  Anterior  extremity  of  the 
same  magnified^  showing  the 
sucker  and  triradiate  jaws  ; 
c  One  of  the  jaws  detached, 
showing  the  semicircular 
toothed  margin. 
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A  few  Leeches  are  not  aquatic  in  their  habits,  but  are  found 
in  damp  situations  on  land,  mostly  in  hot  countries  (India, 
Ceylon,  South  America,  &c.)  The  common  "Horse-leech" 
(Hamopsis)  has  numerous  blunt  teeth,  which  are  too  weak  to 
penetrate  the  skin,  but  will  pierce  mucous  membranes.  It 
inhabits  ponds  and  marshes,  and  attaches  itself  to  the  throat 
of  animals  when  drinking.  Aulostomum  gulo,  also  often  called 
the  "  Horse-leech,"  feeds  principally  upon  fresh-water  shell-fish. 
The  genera  Pontobdella  and  Piscicola  belong  to  a  section  of 
the  Leeches  {Rhynchohdellida)  in  which  there  is  a  protrusible 
proboscis.  The  Piscicola  attach  themselves  parasitically  to 
the  gills  of  fresh-water  fishes.  The  Pontobdella  are  marine,  a 
well-known  example  being  the  common  ** Skate-sucker"  {P. 
muricata)^  in  which  the  skin  is  tuberculated,  and  the  anterior 
sucker  is  marked  off  by  a  constriction  from  the  body  (fig. 
i66,  B).  It  lives  parasitically  on  Skates  and  other  sea-fishes. 
Also  belonging  to  this  section  are  the  little  fresh-water  Leeches 
of  the  genus  Clepsine,  which  feed  on  Water-snails.  They  carry 
about  their  young,  attached  to  the  under  surface  of  the  body 
by  their  posterior  suckers,  for  some  time  after  birth.  Lastly, 
Branchiobdella  lives  upon  the  gills  of  Crustaceans,  and  Bran- 
chellion  infests  the  gills  of  various  fishes,  such  as  the  Turbot» 

Order  II.  Oligoch/eta. — The  members  of  this  order, 
comprising  the  Earth-worms  and  their  allies,  are  distinguished 
by  the  fact  that  their  locomotive  appendages  are  in  the  form  of 
chitinous  setce  or  bristles  attacked  in  rows  to  the  sides  and  ventral 
surface  of  the  body.  No  branchice  are  present.  They  are  all 
hermaphrodite ;  and  the  young  pass  through  no  metamorphosis. 
The  Oligochceta  are  divided  into  the  two  groups  of  the  Terri- 
colcB  or  Earth-worms,  and  the  Limicolce  or  Mud-worms  and 
Water-worms  (Semuridce  and  Ndididce), 

The  body  in  the  Oligochceta  is  segmented,  and  the  anterior 
segment  is  prolonged  in  front  of  the  mouth  into  a  "pro- 
stomium  "  or  "  cephalic  lobe."  The  locomotive  organs  are  in 
the  form  of  short  bristles,  or  "setae"  (fig.  169,  A),  which  are 
arranged  in  rows  on  the  lower  and  lateral  surfaces  of  the 
animal,  and  are  never  supported  upon  special  outgrowths  or 
"  parapodia." 

The  mouth  is  toothless,  and  opens  into  a  muscular  pharynx, 
which  in  turn  opens  into  an  oesophagus,  to  which  special 
glandular  organs  are  often  appended.  A  more  or  less  com- 
plicated stomach  is  present,  and  the  intestine  ends  in  a  ter- 
minal anus.  The  body-cavity  is  subdivided  by  membranous 
partitions,  corresponding  with  the  different  segments  of  the 
body,  and  is  filled  with  a  corpusculated  "  perivisceral  fluid." 
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The  pseudohaemal  vessels  are  well  developed,  and  are  often 
furnished  with  contractile  dilatations  or  "hearts"  (fig.  169,  h). 
The  pseudohaemal  fluid  is  generally  red  in  colour.    Specialised 


Fig.  169.— Oligoch^ta.  A,  Anterior  portion  of  Tubi/ex  Hvuiorum,  enlarged :  /  Pharynx ; 
i  i  Alimentary  canal;  d  d  Dorsal  vessel;  h  One  of  the  "hearts  '  or  contractile 
dilatations  of  the  pseudohaemal  vessels.  B,  Anterior  portion  oiLumbricus  terrestrisy 
laid  open  and  enlarged  :  o  Mouth ;  /  Pharynx ;  g  Gullet ;  tn  CEsophageal  glands; 
r  Proventriculus';  s  Gizzard;  /  Intestine;  h  One  of  the  "hearts"  borne  on  the 
side  of  the  dorsal  vessel;  /  Seminal  reservoirs;  sp  Spermathecs.  (After  Lan- 
kester.) 

organs  of  respiration  are  not  developed.  The  "segmental 
organs"  are  largely  developed,  and  have  the  form  of  coiled 
tubes,  which  open  externally  by  ventrally-placed  pores,  and 
communicate  internally  with  the  body- cavity  by  ciliated  aper- 
tures. None  of  the  segmental  organs  in  the  Earth-worms 
officiate  as  ducts  to  the  reproductive  organs;  but  the  ducts 
which  convey  the  generative  products  to  the  exterior  in  the 
Water-worms  are  modified  segmental  organs. 
The  nervous  system  is  of  the  normal  Annelidan  type,  and 
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there  may  or  mky  not  be  simple  organs  of  vision  in  the  form 
of  pigment-spots.  The  reproductive  organs  of  the  two  sexes 
are  united  in  .the  same  individual,  and  are  very  complex.  Two 
pairs  of  testes,  with  vasa  deferentia,  and  a  pair  of  ovaries,  with 
oviducts,  are  present,  and  there  are  various  accessory  gener- 
ative organs  as  well.  The  external  openings  of  the  vasa  defer- 
entia and  oviducts  are  placed  on  the  ventral  surface  of  the 
body,  far  forward,  and  behind  these  exists  a  thickened  gland- 
ular zone  or  "  clitellum,"  which  is  connected  with  copulation, 
and  becomes  much  swollen  at  the  breeding  season.  Develop- 
ment is  direct,  and  the  young  pass  through  no  metamorphosis. 

The  body  of  the  common  Earthworm  (LumMais  Urrestris)  is  cylindri- 
cal, attenuated  at  hoth  ends,  and  exhibiting  a  laige  number  of  narrow 
annulations  or  segments.  About  the  middle  third  of  the  body  (commencing 
with  a  segment  between  the  29th  and  32d)  begins  the  swollen  region  of 
the  "clitellum,"  or  "cingulum,"  which  is  made  up  of  about  six  parti- 
ally-fused segments,  and  is  of  a  lighter  colour  than  the  rest  of  the  worm. 
The  anterior  portion  of  the  clitellum  is  furnished  with  a  highly  glandular 
integument,  and  the  entire  region  is  connected  with  reproduction,  its  setse 
being  specially  modified  for  adhesion. 

The  locomotive  setse  are  arranged  ventro-laterally  in  {gjur  longitudinal 
double  rows,  two  rows  being  placed  external  to  the  middle  line,  and  two 
rows  being  lateral.  The  first  segment,  or  ''cephalic  lobe,"  is  small  and 
pointed,  and  presents  on  its  lower  surface  the  aperture  of  the  edentulous 
mouth.  Placed  in  the  middle  line  of  the  back,  except  in  the  most  anterior 
rings,  is  a  row  of  minute  pores  leading  into  the  body-cavity.  The  opening 
of  the  anus  is  terminal. 

The  body-cavity  is  filled  with  a  colourless  or  slightly  milky  fluid,  which 
contains  numerous  floating  corpuscles,  some  of  which  exhibit  amoeboid 
movements.  The  perivisceral  space  is  divided  into  a  series  of  compart- 
ments, separated  by  transverse,  membranous,  "mesenteric"  partitions, 
which  correspond  with  the  successive  body-segments,  and  are  perforated 
by  the  alimentary  tube. 

The  minute  edentulous  mouth,  on  the  ventral  side  of  the  first  segment, 
opens  into  a  buccal  cavity,  passing  backwards  into  a  muscular  pharynx 
(ng.  169,  p)f  which  in  turn  leads  into  a  straight  oesophagus,  to  the  sides  of 
which  are  appended  special  glandular  organs.  The  gullet  opens  into  a 
dark-coloured  cordate  "crop  (fig.  169,  <r),  behind  which  is  a  thick- walled 
tnuscular  "gizzard."  The  intestine  is  straight,  with  lateral  sacculated 
pouches  in  the  first  few  segments  behind  the  gizzard,  and  having  its  dorsal 
wall  pushed  inwards  to  form  a  longitudinal  ridge  ("typhlosole"),  which 
projects  into  the  cavity  of  the  intestine.  The  exterior  surface  of  the  in- 
testine is  covered  with  a  layer  of  brownish-yeUow  "hepatic"  cells,  of 
undetermined  function. 

There  are  no  differentiated  respiratory  organs.  The  principal  pseudo- 
haemal  trunks  are  (i)  a  "  supra-intestinal "  vessel,'running  along  the  dorsal 
side  of  the  alimentary  canal ;  (2)  a  corresponding  "sub-intestinal"  vessel, 
running  alone  the  ventral  side  of  the  digestive  tube ;  and  (3)  a  group  of 
"sub-neural"  vessels,  of  which  the  chief  is  placed  beneath  the  ventral 
nerve-chain.  The  lateral  vessels  which  connect  the  supra-intestinal  and 
sub-intestinal  trunks  are  dilated  in  the  segments  from  the  7th  to  the  iith 
into  contractile  chambers  or  "hearts  "  (fig.  169,  B,  k). 
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The  nervons  sjrstem  consists  of  a  bilobed  sapra-ossophageal  ganglion,  in 
tbe  third  segment,  united  by  lateral  commissures  with  a  gangliated  ventral 
nerve-chain.     No  special  sense-organs  are  present. 

The  segmental  organs  or  nephridia  have  the  form  of  looped  tubes,  of 
which  each  segment,  except  the  first  three  and  the  last,  contains  a  pair. 
The  external  opening  of  tne  segmental  oigans  are  minute  pores  plac^  on 
the  ventral  surface  just  external  to  the  outer  setae  of  the  middle  row  of 
bristles.  Internally,  each  segmental  tube  ends  in  a  funnel-shaped  ciliated 
aperture,  which  opens  into  the  perivisceral  compartment  next  in  front  of 
that  in  which  the  looped  portion  of  the  nephridium  is  situated. 

The  male  and  female  organs  of  reproduction  are  united  in  the  same  in- 
dividual. The  male  organs  are  as  follows  :  (i)  Two  pair  of  minute  testes, 
situated  in  the  loth  and  nth  segments.  (2)  Three  pairs  of  large  mem- 
branous •* seminal  reservoirs"  in  the  9th,  loth,  and  nth  rings  (fig.  169,  /), 
which  open  into  two  pairs  of  similar  reservoirs  placed  in  the  middle  line  of 
the  loth  and  i  ith  rings.  Each  of  these  median  seminal  reservoirs  contains 
a  folded  membranous  funnel  ('* seminal  funnel"),  the  mouth  of  each  of 
these  being  directly  over  one  of  the  testes.  Minute  ducts  lead  from  these 
seminal  funnels  to  a  common  vas  deferens  on  each  side,  which  is  continued 
backwards  to  open  by  a  minute  external  aperture  on  the  15th  ring. 

The  female  organs  consist  of  (i)  a  pair  of  minute  ovaries  in  the  13th 
segment ;  (2)  two  short  oviducts,  which  have  wide  ciliated  mouths  placed 
opposite  their  respective  ovaries,  though  not  directly  connected  with  them, 
and  which  open  externaHy  on  the  14th  segment;  and  (3)  two  pairs  of 
globular  sacs  C'spermathecse"),  placed  in  the  9th  and  loth  segments  and 
opening  externally  by  minute,  pores  (fig.  169,  sp).  These  sacs  are  used 
for  storing  up  the  seminal  fluid  received  from  another  worm  in  the  act  of 
reproduction.  Just  outside  of  the  line  of  attachment  of  the  seminal  re- 
servoirs there  are,  further,  five  pairs  of  minute  glandular  organs  (the  so- 
called  ''capsulogenous  glands"),  which  secrete  the  homy  covering  of  the 
cases  or  "  cocoons,"  in  which  the  eggs  are  deposited. 

The  Oligochata  are  partly  terrestrial,  partly  aquatic  in  their 
habits,  the  latter  forms  being  found  in  both  fresh  and  salt 
water.  A  few  forms  are  parasitic.  The  terrestrial  forms  are 
the  Earth-worms  {Lumbricidce\  and  k  common  example  of  the 
fresh-water  forms  is  the  familiar  Tubifex  rivulorutn  of  our 
streams  (fig.  169,  A).  Some  of  the  fresh-water  Oligochata 
(Naididai)  have  the  power  of  producing  new  individuals  by 
a  process  of  gemmation ;  but  they  lose  this  power  when  the 
reproductive  organs  become  developed.  The  zooids  pro- 
duced in  this  way  remain  connected  with  one  another  in 
chains  for  some  time,  but  they  ultimately  become  separate 
and  assume  the  characters  of  adult  individuals. 

Order  III.  PoLVCHiETA. — This  .order  includes  marine 
Annelides^  in  which  there  are  fleshy  lateral  outgrowths  of  the 
body  i^^parapodia  "),  to  which  bunches  of  seta  are  attached.  The 
head  is  usually  distinct^  and  branchice^  in  the  form  of  external 
processes  of  the  body^  are  usually  developed.  The  sexes  are  almost 
always  distinct^  and  there  is  a  metamorphosis  in  development 

The  body  in  the  Polychsetous  Annelides  is  divided  into  a 
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number  of  rings  or  segments,  each  of  which,  in  the  typical 
forms,  possesses  the  following  structure.  The  segment  con- 
sists of  two  arches,  a  lower  or  "  ventral  arc,"  and  an  upper  or 
"dorsal  arc,"  with  a  "foot-tubercle"  or  "parapodium"  on 
each  side.  Each  foot-tubercle  consists  of  an  upper  process, 
or  **  notopodium,"  and  a  lower  process,  or  "  neuropodium," 
each  of  which  carries  a  tuft  of  bristles,  or  "  seta,"  (rarely,  a 
single  bristle),  and  a  species  of  tentacle  termed  the  "  cirrhus  " 
(fig.  170,  B). 

In  a  few  forms  parapodia  are  absent,  as  also  the  setae  may 


Fig.  1 70. —Annelida.  A,  Head  of  Nereis  incerta^  ^ewed  from  beneath,  and  enlai:ged 
(after  Quatrefages) :  d  The  principal  pair  of  chitinous  jaws  (the  dark  dots  on  the 
lobe  behind  these  are  smaller  denticles) ;  pd  Internal  pair  of  palpi ;  pa  External  or 
greater  pair  of  palpi  \  t  t  t  Tentacles.  B,  Foot-tubercle  of  Nereis^  enlarged :  nm 
Notopoaium ;  ne  Neuropodium  ;  c  Dorsal  cirrhus :  c'  Ventral  cirrhus ;  b  bb  Bran- 
chial filaments ;  a  Aciculs ;  s  s  Setae  attached  to  the  dorsal  and  ventral  oars. 

be ;  and  in  one  very  aberrant  type  (viz.,  Polygordi%is\  which  is 
sometimes  regarded  as  constituting  a  special  division  of  Anne- 
lides,  not  only  are  both  these  sets  of  structures  wanting,  but 
even  the  external  segmentation  is  lost. 

The  outer  cuticular  layer  of  the  body  is  generally  more  or 
less  chitinous,  and  is  often  iridescent  Below  this  is  a  mus- 
cular layer,  by  which  the  movements  of  the  animal  are  effected, 
and  which  encloses  the  "perivisceral  cavity."  This  cavity 
runs  the  whole  length  of  the  body,  and  is  lined  by  a  special, 
often  ciliated  membrane,  which  is  reflected  upon  the  alimen- 
tary canal  and  other  internal  organs.  It  is  usually  more  or 
less  subdivided  by  imperfect  partitions,  and  is  filled  with  an 
albuminous  fluid  containing  floating  corpuscles,  and  corre- 
sponding with  the  blood.     This  so-called  "  chylaqueous  fluid  " 


TUBICOLA.  311 

*^  performs  one  of  the  functions  of  an  internal  skeleton,  acting 
as  the  fulcrum  or  base  of  resistance  to  the  cutaneous  muscles, 
the  power  of  voluntary  motion  being  lost  when  the  fluid  is  let 
out"  (Owen). 

The  anterior  extremity  of  the  body  (fig.  170,  A)  is  usually 
so  modified  as  to  be  distinctly  recognisable  as  the  head,  and 
is  provided  with  eyes,  and  with  two  or  more  feelers,  which  are 
not  jointed,  and  are  therefore  not  comparable  with  the  antennae 
of  Crustacea  and  Insects.  The  mouth  is  placed  on  the  in- 
ferior surface  of  the  head,  and  is  often  furnished  with  one  or 
more  pairs  of  horny  jaws,  working  laterally.  The  pharynx  is 
muscular,  and  often  forms  a  sort  of  proboscis,  being  provided 
with  special  muscles,  by  means  of  which  it  can  be  everted  and 
again  retracted.  In  most  there  is  no  distinction  between 
stomach  and  intestine,  and  the  alimentary  tube  often  has 
appended  to  it  lateral  caeca,  which  may  represent  the  liver. 

The  pseudohaemal  system  is  usually  well  developed,  and 
consists  essentially  of  a  long  dorsal  vessel,  and  a  similar 
ventral  one,  connected  by  transverse  branches,  and  some- 
times furnished  at  the  bases  of  the  branchiae  with  pulsating 
dilatations.  The  contained  fluid  is  mostly  red,  but  is  yellow 
in  Aphrodite  and  Polynoe,  In  a  few  forms  the  pseudohaemal 
system  appears  to  be  undeveloped. 

Distinct  respiratory  organs  may  not  be  present ;  but  usually 
**  branchiae "  are  developed  in  the  form  of  leaf-like  or  tufted 
outgrowths  from  the  body,  which  are  richly  supplied  with 
pseudohaemal  vessels.  The  sexes  are  mostly  in  different  in- 
dividuals, though  some  forms  are  hermaphrodite.  The  "  seg- 
mental organs "  are  apparently  sometimes  absent ;  but  when 
developed,  they  open  internally  into  the  body-cavity  by  means 
of  wide  ciliated  apertures,  and  they  commonly  serve  as  efferent 
ducts  to  the  generative  organs.  In  many  cases,  the  segmen- 
tal organs  (fig.  165),  have  glandular  walls,  and  may  be  regarded 
as  discharging  the  function  of  kidneys. 

The  Polychaetous  Annelides  may  be  divided  into  two  prin- 
cipal sections — Tubicoia  and  Errantia — according  as  they 
inhabit  a  tube  which  they  secrete  for  themselves,  or  have  a 
free  and  wandering  habit  of  life. 

Sub-order  I.  Tubicola. — The  sedentary  or  "  Tubicolous  " 
forms  of  the  Polychata  inhabit  variously-formed  tubes,  to 
which  they  are  not  organically  connected,  and  in  which  they 
can  move  freely  by  means  of  their  setigerous  foot-tubercles. 
Owing  to  their  possession  of  an  investing  tube,  branchiae  are 
only  developed  in  the  anterior  region  of  the  body  (fig.  171), 
this  being  the  only  part  which  is  ordinarily  exposed  to  the 
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action  of  the  sea-water ;  hence  the  Tubicola  are  sometimes 
called  the  "  cephalobranchiate "  Annelides.  Owing  to  the 
abundant  supply  of  pseudohaemal  vessels  which  they  receive, 

the  branchial  tufts   are  usually 
bright  red  in  colour. 

The  protecting  tube  of  the 
Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime 
{Serpu!a\  of  grains  of  sand  (&- 
beliaria),  or  of  sand,  pieces  of 
shell,  and  other  adventitious  par- 
ticles cemented  together  by  a 
glutinous  secretion  from  the  body 
( Terebeiia) ;  or  it  may  be  simply 
membranaceous  or  leathery  {Sa- 
bella).  Sometimes  the  tube  is 
„  , .  ,  free    and    non  -  adherent  iPecti- 

Fig.   X71. — Tubicola.     a  Serbia  con-  •  \  1      '^   •        i. 

tortupucaia,  showing  the  branchi«  nana)  \  more  commonly  It  IS  at- 
^nt^^^     '  ^  '^^"*''^*"  *^^"  tached  to  some  submarine  object 

by  its  apex  or  by  one  side  (Ser- 
bia and  Spirorbis),  Sometimes  the  tube  is  single  {Spirorbis)  ] 
sometimes  the  animal  is  social,  and  the  tubes  are  clustered  to- 
gether in  larger  or  smaller  masses  {Sabellaria), 

Reproduction  in  the  Tubicola  is  generally  sexual,  the  sexes 
being  mostly  in  different  individuals;  but  fission  has  also 
been  noticed  to  occur.  As  regards  their  development,  the 
young  pass  through  a  distinct  metamorphosis.  The  larvas 
(fig.  172,  A  and  D)  are  freely  locomotive,  furnished  with  eye- 
spots,  and  swimming  actively  by  means  of  cilia,  which  are 
principally  aggregated  into  two  rings  or  circlets,  one  placed 
on  the  head,  the  other  at  the  hinder  end  of  the  body.  The 
tentacles  are  developed  at  an  early  period,  and  the  larva 
undergoes  segmentation.  Finally,  the  cilia  disappear,  the 
larva  becomes  stationary,  and  the  protective  tube  of  the  adult 
is  secreted.  The  young  Tubicolar  Annelide  thus  resembles 
the  permanent  condition  of  the  Errant  forms;  and  the 
stationary  condition  of  the  adult,  accompanied  by  the  loss 
of  its  sense-organs,  may  be  regarded  as  an  instance  of  '^  re- 
trograde development." 

The  most  familiar  of  the  Tubicola  are  the  SerpuUe  (fig.  171,  a\  the  con- 
torted and  winding  calcareous  tubes  of  which  must  be  known  to  almost 
every  one  as  occurring  on  shells  or  stones  on  the  sea-shore.  One  of  the 
cephalic  drrhi  in  Serpula  is  much  developed,  and  carries  at  its  extremity 
a  conical  plug,  or  operculum,  whereby  the  mouth  of  the  tube  is  closed 
when  the  animal  is  retracted  within  it.     In  Spirorbis  (fig.  171,  ^)  the  shelly 
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tube  is  coiled  into  a  flat  spiral,  one  side  of  which  is  fixed  to  some  solid 
object.  It  is  of  extremeljr  common  occurrence  on  the  fronds  of  sea-weed 
and  on  other  submarine  objects. 

Equally  familiar  with  Serpula  is  Terehella^  the  animal  of  which  is  in- 


Fig.  X73.— Development  of  Tubicolar  and  Errant  Annelides.  A,  Larva  of  Terebelia  I 
0  Position  of  the  mouth ;  a  Anus,  surrounded  by  the  pasterior  circlet  of  cilia ;  c  An> 
tenor  circlet  of  cilia ;  /  Tentacle.  B,  Polytrochal  larva  <A  Arenicola,  C,  Larva  of 
PhyUo<hce,  D.  Larva  of  Spirorhis;  i  t  Tentacles.  All  the  figures  are  greatly 
magnified.    (After  ClaparMe,  Schultze,  and  A.  Agassix.) 

eluded  in  a  tube  composed  of  sand  and  fragments  of  shell,  cemented  to- 
gether by  a  glutinous  secretion.  In  the  Sabellida  the  tube  is  composed  of 
granules  of  sand  or  mud.  In  Pectinaria  the  tube  is  free,  membranous,  or 
papyraceous,  covered  with  sand -grains,  and  in  the  form  of  a  reversed  cone 
of  considerable  length. 

As  regards  their  distribution  in  time,  Tubicolar  Annelides  are  of  com- 
mon occurrence  as  fossils,  various  types  {Spirorbis,  Comulites^  Ortonia, 
Canchicolites,  &c.)  occurring  in  rocks  as  old  as  the  Ordovician  or  Silurian. 

Sub-order  II.  Errantia. — This  division  includes  Polychae- 
tous  Annelides,  which  are  devoid  of  investing  tubes,  and 
enjoy  a  free  and  wandering  life.  In  rare  cases  they  are  para- 
sitic. The  parapodia,  in  accordance  with  the  animal's  free 
habit  of  life,  are  more  completely  developed  than  in  the  TubU 
cola  ;  and  the  gills,  when  present,  are  arranged  on  the  sides  of 
the  body,  on  its  dorsal  aspect,  sometimes  in  the  middle  region 
of  the  body  only,  or  sometimes  along  almost  the  entire  length. 
For  this  reason,  the  Errantia  are  sometimes  spoken  of  as  the 
"  Notobranchiate  "  Annelides. 

The  sexes  in  the  Errantia  are  in  different  individuals,  and  reproduction 
is  usually  sexual,  though  in  some  cases  gemmation  is  known  to  occur. 
The  process  of  gemmation  is  carried  on  by  a  single  segment,  and  so  long 
as  it  continues,  the  budding  individual  remains  sexually  immature,  though 
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the  young  thus  produced  develop  generative  organs.  Thus,  there  is  in 
these  cases  a  kind  of  alternation  of  generations,  or  rather  an  alternation  of 
generation  and  gemmation  ;  the  oviparous  individuals  producing  eggs  from 


Fig.  ijy—Cirrkatulus rrandis,  an  *'  Errant  Annelidc,"  in  its  living  condition. 
(After  Verrill.) 

which  the  gemmiparous  individuals  are  bom  ;  these,  in  their  turn,  but  by 
a  non-sexual  process,  producing  the  oviparous  individuals.  While  the  form 
of  gemmation  just  alluded  to  has  long  been  known  as  not  uncommonly 
taking  place  among  the  Errant  Annelides,  no  example  of  continuous  gem- 
mation has  until  lately  been  recognised  in  any  Annelide.  Recently,  how- 
ever, Dr  M'Intosh  has  described  a  remarkable  species  oiSyllis  {S.ramosa), 
which  inhabits  a  Hexactinellid  Sponge  from  the  Philippines,  and  in  which 
the  thread-like  body  is  intricately  branched,  giving  off  lateral  offsets,  and 
thus  becoming  a  truly  composite  organism.  This  singular  form  is  further 
remarkable  in  the  fact  that  no  traces  of  a  ^a/  have  hitherto  been  dis- 
covered, so  that  it  is  probable  that  the  entire  branched  organism  possessed 
but  a  single  head. 

Not  only  does  gemmation  occur  among  the  Errant  Annelides,  but,  in  a 
few  instances,  fission  has  been  noticed  to  take  place.  Occasionally,  also, 
the  males  and  females  differ  from  one  another,  and  both  may  differ  from 
the  sexless  forms,  when  these  exist  Thus,  Heteronerds  is  founded  upon 
the  sexless  forms  of  Nereis ;  whilst  the  species  of  the  genus  Auiolytus^ 
amongst  iht  Syllidea^  exhibit  a  still  more  remarkable  pol]rmorphism,  the 
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males  and  females  being  extremely  dissimilar,  and  there  being  in  addition 
a  third  sexless  form,  which  produces  the  sexual  individuals  by  gemmation 
at  its  hinder  extremity. 

The  embryo  usually  appears,  on  its  liberation  from  the  ovum,  as  a  free- 
swimming,  ciliated  body,  possessing  a  mouth,  intestine,  and  anus.  The 
dlia  are  primarily  diffused,  but  become  aggregated  so  as  to  form  a  single 
median  belt,  or  two  bands,  one  about  each  extremity,  or  a  series  of  bands 
(fig.  172,  B  and  C).  The  head,  with  its  feelers  and  eye-specks,  appears 
at  one  extremity,  whilst  the  segments  of  the  body  begin  to  be  formed  at 
the  other.  Each  segment  is  developed  in  four  parts,  the  two  orincipal 
ones  forming  half-rings,  united  by  shorter  side- pieces,  from  which  the 
setigerous  foot-tubercles  are  developed.  The  ciliated  band  or  bands  finally 
disappear,  and  new  rings  are  rapidly  added  by  intercalation  between  the 
bead  and  the  segments  already  formed. 

All  the  Errant  Annelides  are  marine,  occurring  in  all  seas 
from  the  Arctic  Ocean  to  the  equator,  and  extending  to  great 
depths.  A  few  forms  {e,g,^  Tomopteris)  are  pelagic.  Others 
live  in  sand  and  mud;  whilst  others  hide  under  stones,  or  in 
fissures  in  rock-pools;  and  others,  again,  bore  holes  in  cal- 
careous rocks.  A  few  live  as  "  commensals "  on  other 
animals. 

Of  the  commoner  British  types,  the  Lob-worm  {Arentcola  pis- 
catorutn)  is  found  almost  everywhere,  burrowing  in  the  sand  of 
the  sea-shore.  It  has  tufted  gills  on  the  middle  and  hinder 
part  of  the  body.  In  the  Sea-mice  {Aphrodite  and  Polynoe) 
there  are  broad  chitinous  scales  ("  elytra  ")  on  the  dorsal  sur- 
face of  the  body,  covering  the  notopodia.  In  the  Common 
Sea-mouse  (Aphrodite  aculeata)^  the  thick  bunches  of  setae 
attached  to  the  parapodia  are  brilliantly  iridescent.  The  Sea- 
centipedes  (Nereidce)  have  long  segmented  bodies,  with  a  very 
distinct  head,  carrying  eyes  and  feelers,  while  the  mouth 
usually  has  homy  jaws. 

As  regards  their  distribution  in  time,  the  Errantia  are  recognisixl  in  the 
fossil  condition  by  the  tracks  which  they  have  left  upon  ancient  sea-bot- 
toms, or  by  their  burrows  in  sand  or  mud,  or,  occasionally,  by  impressions 
formed  by  the  body  of  the  worm  itself.  Their  presence  in  many  ancient 
rocks  is  more  satisfactorily  established  by  the  occurrence  of  their  homy 
jaws,  and  from  such  remains  it  is  known  that  they  abounded  in  strata  as 
old  as  the  Ordovician,  or  even  the  Cambrian. 

Class  III.  ChuETOGNatha  (Leuckart). — Elongated  cylindri- 
cal animals  having  the  hinder  extremity  of  tfu  body  furnished 
vnth  an  integumentary  fin.  Anterior  end  of  the  body  provided 
with  seta  and  corneous  jaws.  No  foot-tubercles.  Sexes  united 
in  the  same  individual. 

This  class  includes  only  the  singular  pelagic  animals  belong- 
ing to  the  genus  Sagitta^  the  precise  systematic  position  of 
which  is  somewhat  doubtful.    They  appear,  however,  to  form 
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a  connecting  link  between  the  Anneiides  on  the  one  hand,  and 

the  free  Nematoids  on  the  other  hand. 

The  Sagittct  (fig.  174)  have  elongated  transparent  bodies, 

rarely  over  an  inch  in 
length,  having  the  hinder 
end  of  the  body  expanded 
into  a  striated  caudal  fin, 
similar  fins  often  existing 
on  the  sides  of  the  body 
as  well.  The  head  car- 
ries a  series  of  setae  placed 
in  front  of  the  mouth, 
and  the  oral  aperture  is 
furnished  with  unciform 
corneous  bristles  or  "  fal- 

r-  vr    V  1       r  ^r  .      .r      a  c      c^s,"  which  act  as  jaws. 

Fiff.  X74. — Morphology  of  CA^r/^/VM/Aa.    h.Sag-    _,,'        ,.  ^  .    . 

ttta  tricus^datn,  of  the  natural  size  :  o  One  of    1  He    alimentary   Canal    IS 


the  ovaries 

of  re] 

from 

homy,  secifonn  jaws. 


>varies;  f/ Orifice  of  one  of  the  male  organs  cfroicrVif     onH     t^^rminsifPQ 

iproduction.   B,  Head  of  the  same,  viewed  siraignt,  ano   terminates 

beneath  and  greatly  enlarged,  showing  the  in  an  an  US   placed  at   the 

(After  s.viiieK«..)  faasc  of  the  taU  bclow. 


"A  single  oval  ganglion  lies  in  the  abdomen,  and  sends,  forwards  and 
backwards,  two  pairs  of  lateral  cords.  The  lateral  cords  unite  in  front  of 
and  above  the  mouth  into  a  hexagonal  ganglion.  This  gives  off  two 
branches  which  dilate  at  their  extremities  into  the  spheroidal  ganglia,  on 
which  the  darkly  pigmented  imperfect  eyes  rest.  The  ovaries,  saccular 
organs,  lie  on  each  side  of  the  intestine  and  open  on  either  side  of  the 
vent ;  receptacula  seminis  are  present.  Behind  the  anus,  the  cavity  of  the 
tapering  caudal  part  of  the  body  is  partitioned  into  two  compartments ;  on 
the  lateral  parietes  of  these,  cellular  masses  are  developed  which  become 
detached,  and,  floating  freely  in  the  compartment,  develop  into  sperma- 
tozoa. These  escape  by  spout-like  lateral  ducts,  the  dilated  bases  ot  which 
perform  the  part  oivestcula  setninales.  The  embryos  are  not  ciliated,  and 
undergo  no  metamorphosis  "  (Huxley). 

The  species  of  Sagitta  are  found,  living  in  the  open  sea,  in 
the  Mediterranean,  and  in  the  Atlantic  and  Pacific  Oceans. 
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CHAPTER    XXVIL 

Arthropoda.    Crustacea. 

Division  II.  Arthropoda,  or  Articulata. — ^The  remaining 
members  of  the  sub-kingdom  Annuiosa  are  distinguished  by 
the  possession  oi  jointed  appendages^  articulated  to  the  body ;  and 
they  form  the  second  primary  division — often  called  by  the 
name  Articulata,  As  this  name,  however,  has  been  employed 
in  a  wider  sense  than  is  understood  by  it  here,  it  is  best  to 
adopt  the  more  modern  term  Arthropoda, 

The  members  of  this  division,  comprising  the  Crustacea 
(Lobsters,  Crabs,  &c.),  the  Arachnida  (Spiders  and  Scorpions)^ 
the  Myriopoda  (Centipedes),  and  the  Insecta^  are  distinguished 
as  follows : — 

The  body  (fig.  175)  is  composed  of  a  series  of  segments, 
arranged  along  a  longitudinal  axis ;  each  segment  or  **  somite,'' 
occasionally,  and  some  almost  always,  being  provided  with 
articulated  appendages.  Both  the  segmented  body  and  the 
articulated  limbs  are  pore  or  less  completely  protected  by  a 
chitinous  exoskeleton,  formed  by  a  hardening  of  the  cuticle. 
The  appendages  are  hollow,  and  the  muscles  are  prolonged  into 
their  interior.  The  nervous  system,  at  any  rate  in  the  embryonic 
condition,  consists  typically  of  a  double  chain  of  g^yiglia,  placed 
along  the  ventral  surface  of  the  body,  united  by  longitudinal 
commissures,  and  traversed  anteriorly  by  the  oesophagus.  The 
haemal  system,  when  diflferentiated,  is  placed  dorsally,  and  con- 
sists of  a  contractile  cavity,  or  heart,  provided  with  valvular 
apertures,  and  communicating  with  a  perivisceral  cavity,  con- 
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taming  corpusculated  blood.  Respiration  is  effected  by  the 
general  surface  of  the  body,  by  gills,  by  pulmonary  sacs,  or  by 
tubular  involutions  of  the  integument,  termed  "  tracheae."    In 


Fig.  175. — ^The  common  Lobster  {Homartu  vulgaris\  viewed  from  below,  a  The  lesser 
antennae ;  d  The  greater  antenns ;  n  The  uut  pair  of  foot-jaws ;  c  The  great  claws, 
or  first  pair  of  legs ;  d  e  /  g  The  last  four  pairs  of  walking  legs ;  h  i  j  k  I  tn 
The  six  pairs  of  abdominid  appendages,  the  last  five  beine  "swimmerets/*  and 
the  last  of  all  being  greatly  expanded ;  /  The  last  segment  of  the  body  (telson),  with- 
out appendages. 

no  member  of  the  division  are  vibratile  cilia  known  to  be  de- 
veloped.    According  to  Professor  Huxley,  an  additional  con- 
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stant  character  of  the  Arthropoda  is  to  be  found  in  the  stractufe 
of  the  head,  which  is  typically  composed  of  six  segments,  and 
never  contains  less  than  four. 

The  Arthropoda  are  divided  into  four  great  classes — viz., 
the  Crustacea^  the  Arachnida^  the  Myriopoda,  and  the  Insecta. 

Crustacea. 

Class  I.  Crustacea. — The  members  of  this  class  are 
commonly  known  as  Crabs,  Lobsters,  Shrimps,  King-crabs, 
Barnacles,  Acorn-shells,  &c.  .  They  are  nearly  allied  to  the 
succeeding  order  of  the  Arachnida  (Spiders  and  Scorpions) ; 
but  may  usually  be  distinguished  by  the  possession  of 
articulated  appendages  upon  the  abdominal  segments,  by  the 
possession  of  two  pairs  of  antennae,  and  by  the  presence  of 
branchiae. 

The  body  is  composed  of  a  number  of  definite  rings  or  seg- 
ments ("  somites  "),  each  of  which  may  be  provided  with  a  pair 
of  jointed  appendages.  With  rare  exceptions,  some  of  the 
somites  of  the  adult  always  carry  appendages ;  and  one  or 
more  pairs  are  almost  invariably  adapted  for_mastication.  The 
nervous  system  of  the  embryo  has  tha'typical  Annulose  form 
of  a  chain  of  ventral  ganglia,  between  the' first  two  pairs  of 
which  the  gullet  passes.  No  water-vafecular  system  is  present ; 
but  there  is  generally  a  true  blood-va$cular  system.  The  heart, 
when  present,  is  placed  on  the  oppftile  side  of  the  alimentary 
canal  to  the  ventral  nerve-chain,  any  Communicates  by  valvulai 
apertures  with  a  surrounding  veno^f/inus — the  so-called  "  peri- 
cardium." When  differentiated ^weathing-organs  are  present, 
these  are  always  in  the  form  of  branchiae  or  gills,  adapted  for 
respiring  air  dissolved  in  water. 

In  addition  to  these  characters,  the  body  in  the  CrUsiacea 
is  always  protected  by  a  chitinous  or  sub-calcareous  excJSkele- 
ton  or  "crust,"  and  the  number  of  pairs  of  articulated  limbs 
is  generally  from  five  to  seven.  They  all  pass  through  a  series 
of  metamorphoses  before  attaining  their  adult  condition,  and 
every  part  that  is  found  in  an  embryonic  form,  e\5B^  though 
only  temporarily  developed,  may  be  represented  iilK^  perma- 
nent condition,  in  some  member  of  a  lower  order.    ^ 

As  regards  the  classification  of  the  Crustacea,  the  tabular 
view  which  follows  embodies  the  arrangement  which  is  most 
generally  adopted,  and  the  diagnostic  characters  of  each  order 
will  be  briefly  given,  a  more  detailed  description  being  reserved 
for  the  more  important  divisions  of  the  class.  Before  proceed- 
ing further,  however,  it  will  be  as  well  to  give  a  description  of 
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the  morphology  of  a  typical  Crustacean^  selecting  the  Lobster 
as  being  as  good  an  example  as  any. 

The  body  of  a  typical  Crustacean  (fig.  175)  may  be  divided 
into  three  regions — a  hea4^  a  thorax^  and  an  abdomen — each  of 
which  is  composed  of  a  certain  number  of  somites,  though 
opinions  differ  both  as  to  the  number  of  segments  in  each 
r^on,  and  as  to  their  number  collectively.  By  the  majority 
of  authorities  the  body  is  looked  upon  as  being  typically 
composed  of  twenty-one  segments,  of  which  seven  belong  to 
the  head,  seven  to  the  thorax,  and  seven  to  the  abdomen. 
In  many  Crustacea,  however,  the  segments  of  the  head  and 
thorax  are  welded  together  into  a  single  mass,  called  the 
*' cephalothorax " ;  in  which  case  the  body  shows  only  two 
distinct  divisions,  of  which  the  cephalothorax  claims  fourteen 
segments,  whilst  the  remaining  seven  are  allotted  to  the  abdo- 
men. Some  authorities  regard  the  terminal  joint  of  the  abdo- 
men (the  "  telson ")  as  an  unpaired  appendage,  and  not  as  a 
true  somite ;  and  on  this  view  there  are  only  twenty  segments 
in  the  body  of  a  typical  Crustacean.  Professor  Huxley,  further, 
differs  from  the  above-mentioned  view  in  the  allotment  of  the 
somites,  and  divides  the  body  into  six  cephalic,  eight  thoracic, 
and  six  abdominal  somites.* 

In  no  single  example  can  a  general  view  be  obtained  of  the 
different  segments  and  their  appendages  in  the  Crustacea, 
"  Indeed  the  only  segment  that  may  be  said  to  be  persistent 
is  that  which  supports  the  mandibles,  for  the  eyes  may  be 
wanting,  and  the  antennae,  though  less  liable  to  changes  than 
the  remaining  appendages,  are  nevertheless  subject  to  very 
extraordinary  modifications,  and  have  to  perform  functions 
equally  various.  Being  essentially  and  typically  organs  of 
touch,  hearing,  and  perhaps  of  smell,  in  the  highest  Decapods, 
they  become  converted  into  burrowing  organs  in  the  Scyllaridce, 
organs  of  prehension  in  the  Merostomata,  claspers  for  the  male 
in  the  Cydopoidea,  and  organs  of  attachment  in  the  Cirripedia. 
Not  to  multiply  instances,  we  have  presented  to  us  in  the 
Crustacea  probably  the  best  zoological  illustration  of  a  class, 
constructed  on  a  common  t)rpe,  retaining  its  general  character- 
istics, but  capable  of  endless  modification  of  its  parts,  so  as  to 
suit  the  extreme  requirements  of  every  separate  species  " — (H. 
Woodward). 

*  In  reality  the  five  hindmost  sqs^ments  of  the  eight  somites  here  allotted 
to  the  thorax,  should  alone  be  regarded  as  constituting  the  abdomen  proper, 
—that  is,  the  region  corresponding  to  the  *'  abdomen  "  of  insects  and  Arach- 
nida.  The  six  somites  allotted  above  to  the  abdomen  belong  to  what  is 
strictly  called  the  ^^post-abdomen  "  of  the  Crustacea, 
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Taking  the  common  Lobster  (figs.  175  and  176)  as  a  good 
and  readily  obtainable  type  of  the  Crustacea,  the  body  is  at 
once  seen  to  be  composed  of  two  parts,  familiarly  called  the 
**  head  "  and  the  "  tail,"  the  latter  being 
jointed  and  flexible.'  The  so-called 
**head"  is  really  composed  of  both 
the  head,  properly  so-called,  and  the 
thorax,  which  have  coalesced  so  as  to 
form  a  single  mass,  technically  called 
the  " cephalothorax."  The  so-called 
"  tail,"  on  the  other  hand,  is  truly  the 
"  abdomen."  The  various  appendages 
of  the  animal  are  arranged  along  the 
lower  surface  of  the  body,  and  consist 
of  the  feelers,  jaws,  claws,  legs,  &c 
The  entire  body,  with  the  articulated 
appendages,  is  enclosed  in  a  strong 
chitinous  "shell,"  or  exoskeleton,  and 
the  cephalothorax  is  covered  by  a  great 
cephalic  shield  or  plate,  which  is  termed 
the  "  carapace." 

Each  segment  of  the  body  may  be 
regarded  as  essentially  composed  of  a 
convex  upper  plate,  termed  the  "ter- 
gum,"  which  is  closed  below  by  a  flatter 
plate  called  the  "sternum,"  the  line 
where  the  two  unite  being  produced 
downwards  and  outwards,  into  a  plate, 
which  is  called  the  "  pleuron "  or 
"pleura"  (fig.  177). 

Strictly  speaking,   the   composition  of  the 
typical  somite  is  considerably  more  complex, 
each  of  the  primaiy  arcs  of  the  somite  being 
really  composed  of  four  pieces.      The  tergsd 
Fig.  X76.— Lobster  with  all  the   arc  is  composed  of  fwo  central  pieces,  one 
appendages  except  the  ter-    on  each  side  of  the  middle  line  of  the  body, 

™^»i?'^*'??*"'"  i'""^^!'*'    united  together  and   constituting   the   "ter- 

and    the  abdominal   somites  »        **  m.  .  *?        _   i  *.   j 

separated  from  one  another.    ?^^     proper.     The  superior  arc  IS  completed 

r'' Rostrum";  ca  Carapace,    by  two  lateral  pieces,  one  on  each  side  of  the 

covering   the  cephalic   and    tera^um,  which  are  termed  the  "epimera."    In 

ThT^S  "/^^».s'of"'.h^   like  manner  the  ventral  or  sternal  arc  is  com- 

abdomen.    No.  6  carries  the    posed  of  a  central   plate,  composed   of  two 

last  pair  of  swimmerets.    /   pieces  united  together  in  the  middle  line,  and 

^^^^^  constituting  the  "sternum"  proper;  the  arc 

being  completed  by  two  lateral  pieces,  termed 

the   "epistema."      These  plates  are   usually  more  or   less  completely 

anchylosed  together,  and  the  true  structure  of  the  somite  in  these  cases 

is  often  shown  by  what  are  called  "apodemata."    These  are  septa  which 
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proceed  inwards  from  the  internal  surface  of  the  somite,  penetrating 
more  or  less  deeply  between  the  various  organs  enclosed  by  the  ring, 
and  always  proceeding  from  the  line  of  junction  of  the  different  pieces  of 
the  segment  (fig.  178). 

In  must  be  borne  in  mind  that  though  the  so-called  "head "—that  is  to 
say,  the  "cephalothorax"  —  of  the 
Lobster  is  produced  by  an  amalga- 
mation of  the  various  somites  of  the 
head  and  thorax,  this  is  not  the  case 
with  the  great  shield  which  covers 
this  portion  of  the  body.  This  shield 
— the  so-called  "cephalic  buckler," 
or  "carapace" — ^is  not  produced  by 
the  union  of  the  tergal  arcs  of  the 
various  cephalic  and  thoracic  s^- 
ments,  as  would  at  first  sight  appear 
to  be  the  case.  On  the  contrary, 
the  "carapace"  in  the  higher  Crus- 
t€tcea  is  produced  by  an  enormous 
development  of  the  tergal  pieces,  or 
of  the  "  epimera "  or  one  or  two  of 
the  cephalic  segments:  the  tergal 
arcs  of  the  remaining  somites  being 
overlapped  by  the  carapace  and  re- 
maining undeveloped. 


Fiff.  177.— The  third  abdominal  somite  of 
the  Lobster,  separated.  /  Tergum ;  s 
Sternum;  p  Pleura;  a  Protopodite  of 
the  appendage;  b  Exopodite;  c  En- 
dopodite. 


/ 


-/ 


Each  segment  of  the  body 
of  the  Lobster,  with  the  excep- 
tion of  the  "telson,"  carries  a 
pair  of  appendages,   each  of  which  consists  typically  of  an 
undivided  basal  portion,  or  "protopodite"  (fig.  177,  a\  and 
of  two  diverging  branches  attached  to  this.     The  outer  of 
these  branches  is  termed  the  "  exopo- 
dite'' (fig.  177,  b)y  and  the  inner  is 
termed  the  "  endopodite " ;  but  one 
or  other,  or  both,  of  these  terminal 
divisions  of  the  appendage  may  be 
suppressed. 

The  carapace  of  the  Lobster  (fig. 
176,  CO)  is  prolonged  in  front  into  a  F\«-  lyS-.-Theoreiicai  fi^re  ii- 

'.  '       /-        r  .1         ^  «  /    \       1  •   1         lustrating  the  composition  of 

pointed  beak  or  "  rostrum  (r),  which  the  tegumentar^  i^'^^I??.  ^^ 
overhangs  the  eyes.  About  the  mid- 
dle of  the  carapace  is  a  transverse 
furrow  (the  "  cervical  groove  "),  which 
marks  the  boundary  between  the  head 
and  thorax.  Extending  backwards 
from  the  cervical  groove  are  two  short  parallel  minor  fiirrows 
(the  "  branchio-cardiac  grooves "),  which  indicate  the  line  of 
division  between  the  pericardial  and  branchial  chambers.  Im- 
mediately under  the  central  region  of  the  carapace,  included 


f 


the  Crustacea  Rafter  Milne- 
Edwards]^  D,  Dorsal  arc:  it 
Tergal  pieces;   e  t  Epimeral 

Sleces.  Vy  Ventral  arc :  s  s 
temal  pieces ;  //  Epistemal 
pieces  >  /  >  Insertion  of  the 
extremities. 
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between  these  two  grooves,  lies  the  heart,  while  to  the  right  and 
left  of  this  region  lie  the  gill-chambers,  formed  by  a  downward 
bending  or  reduplicature  of  the  carapace  on  each  side. 

As  regards  the  appendages  borne  by  the  various  somites 
of  the  lobster,  the  ist  segment  carries  the  stalked  eyes  (fig. 
179,  A).  The  eyes  are  "  compound  "—composed,  that  is  to 
say,  of  a  number  of  separate  lens  united  together — and  the 
peduncle  upon  which  they  are  carried  may  be  regarded  as 
representing  the  protopodite  of  the  typical  appendage. 

The  2d  segment  carries  a  pair  of  small  jointed  appendages 
termed  the  "  lesser  antennae  "  or  "  antennules."  Each  "  anten- 
nule"  (fig.  179,  D)  consists  of  a  protopodite,  and  of  a  long 
transversely-jointed  exopodite  and  endopodite.  The  upper 
flat  face  of  the  protopodite  shows  an  oval  slit  (fig.  179,  D,  /), 
the  outer  lip  of  which  is  furnished  with  a  line  of  long  bristles. 
This  is  the  auditory  opening,  and  leads  into  a  sac  filled  with 
fluid,  on  the  hind  wall  of  which  are  long  "  auditory  setae," 
which  contain  filatnents  from  the  auditory  nerve,  and  have 
their  apices  embedded  in  a  gelatinous  mass  containing  sili- 
ceous particles. 

The  3d  segment  carries  the  long  "antennae"  (fig.  179,  E), 
each  of  which  consists  of  a  short  two -jointed  protopodite, 
carrying  a  very  long  many -jointed  endopodite  and  a  rudi- 
mentary exopodite  in,  the  form  of  a  flat  scale.  On  the  ventral 
face  of  the  basal  joint  of  the  protopodite  is  a  prominent  conical 
tubercle,  at  which  opens  the  duct  of  the  "  antennary  gland " 
or  "green  gland."  The  organ  so  called  is  situated  within  the 
head,  and  consists  of  a  glandular  and  a  saccular  portion ;  and 
it  is  usually  regarded  as  representing  a  kidney. 

The  4th  segment  carries  the  large  and  powerful  jaws  termed 
the  "mandibles."  Each  of  these  (fig.  179,  F)  consists  of  a 
strong  protopodite  with  a  toothed  inner  edge,  without  an 
exopodite,  but  having  the  endopodite  represented  by  a  short 
three-jointed  appendage,  the  "mandibular  palp."  Between 
the  bases  of  the  mandibles  is  the  aperture  of  the  mouth, 
bounded  in  front  by  an  undivided  chitinous  plate — the  upper 
lip  or  "labrum"  (fig.  179,  B) — and  behind  by  a  forked  lower 
lip  or  "metastoma"  (C). 

The  5th  segment  carries  another  pair  of  jaws,  known  as 
the  first  pair  of  "maxillae."  Each  of  these  (fig.  179,  G)  con- 
sists of  a  bifid  protopodite  and  a  minute  unjointed  endopodite, 
no  exopodite  being  developed. 

The  6th  segment  carries  the  second  pair  of  "  maxillae,"  each 
of  which  (fig.  179,  H)  consists  of  a  quadrifid  protopodite,  with- 
out an  exopodite,  but  having  a  small  undivided  endopodite* 
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Attached  to  the  outer  side  of  the  base  of  each  of  the  second 


¥ig.  179. — Appendages  of  the  Lobster.  A,  The  stalked  eyes;  B,  Labrum;  C,  Meta- 
stoma ;  L>,  Antennule :  E,  Antenna ;  F,  Mandible ;  G,  First  maxilla ;  H,  Second 
maadlla;  I,  First  maxillipede:  J,  Second  maxillipede ;  K,  Third  maxillipede ;  L, 
Second  walking  \cf ;  M,  Fifth  walking  le^ ;  /  Protopodite ;  en  Endopodite ;  ex 
Exopodite;  r>  Epipodite;  sc  Scaphognathite ;  g-  Branchia;  1  Opening  of  auditory 


maxillae  is  a  long,  flexible,  spoon- shaped,  homy  plate,  termed  the 
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"  scaphognathite  "  (sc).  This  lies  in  the  anterior  opening  of  the 
gill-chamber  on  each  side,  and  its  function  is  to  cause  a  current 
of  water  to  traverse  the  branchial  cavity  by  constantly  bailing 
water  out  of  it  The  "scaphognathite"  represents  the  "epi- 
podite"  of  the  succeeding  appendages. 

The  7th  segment  (the  last  somite  of  the  head)  carries  the 
first  of  three  pairs  of  organs  which  are  known  as  the  "  maxilli- 
pedes  "  or  "  foot-jaws,"  as  they  are  intermediate  in  their  struc- 
ture between  the  jaws  and  the  walking  legs.  Each  of  the  first 
maxillipedes  (fig.  179,  I)  consists  of  a  lamellar  protopodite, 
with  a  thin  internal  edge  adapted  for  cutting,  a  short  two- 
jointed  endopodite,  and  a  long  exopodite  (or  "palp").  Its 
outer  edge  also  bears  a  long  pointed  membranous  plate,  which 
is  termed  an  "epipodite."  No  branchia  is  attached  to  this 
pair  of  maxillipedes. 

The  8th  segment  (the  first  of  the  thorax)  carries  the  second 
pair  of  maxillipedes  (fig.  179,  J),  each  of  which  consists  of  a 
protopodite,  a  jointed  endopodite,  and  a  slender  exopodite  or 
"  palp."  Externally,  each  carries  also  a  membranous  "  epipo- 
dite "  (^),  to  the  root  of  which  is  attached  a  minute  branchial 
plume. 

The  9th  segment  carries  the  third  pair  of  maxillipedes,  in 
many  respects  the  most  characteristic  of  all  the  appendages 
of  the  Lobster.  Each  of  these  (fig.  179,  K)  consists  of  a  pro- 
topodite continued  with  apparent  directness  into  a  large  leg- 
like endopodite,  the  inner  edge  of  the  basal  joint  of  which  is 
serrated  and  toothed,  so  as  to  serve  by  application  to  its  fellow 
on  the  other  side  as  a  cutting  organ.  The  exopodite  is  in 
the  form  of  a  slender  "palp,"  and  the  base  of  the  append- 
ages carries  a  membranous  "  epipodite  "  and  a  large  branchial 
plume. 

The  loth,  nth,  12th,  13th,  and  14th  segments  carry  the 
five  pairs  of  ambulatory  legs,  which  are  characteristic  of  the 
higher  Crustaceans.  The  first  pair  of  these  are  of  very  large 
size,  and  terminate  in  a  pair  of  powerful  pincers,  constituting 
the  great  claws  or  "chelae."  The  next  two  pairs  are  much 
more  slender,  and  terminate  in  small  and  weak  pincers  or 
"  chelae."  The  last  two  pairs  are  also  slender,  but  instead  of 
being  chelate,  they  terminate  in  simply  pointed  extremities 
(fig.  179,  M).  All  the  walking  legs,  except  the  last  pair,  have 
an  "epipodite"  and  a  plumose  branchia  attached  to  their 
bases  (fig.  179,  L). 

The  15  th  segment  (the  first  somite  of  the  abdomen)  carries 
a  pair  of  singular  appendages,  of  different  form  in  the  two 
sexes.     In  the  male  Lobster  these  organs  (the  "claspers") 
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consist  <rf  a  protopodite,  with  a  curiously  folded  endopodite, 
like  a  grooved  spine.  In  the  females  these  organs  have  a 
narrow  membranous  endopodite,  and  are  soft. 

The  1 6th,  17th,  i8th,  and  19th  segments  carry  each  a  pair 
of  small  "  swimmerets."  Each  of  these  consists  of  a  protopo- 
dite carrying  a  paddle-like  flexible  endopodite  and  exopodite, 
the  sides  of  which  are  fringed  with  hairs  (fig.  177).  These  are 
used  in  swinuning,  and  also  serve  to  carry  the  ova  in  the 
females.  The  20th  segment  carries  also  a  pair  of  "swim- 
merets," but  in  this  case  (fig.  176,  6)  the  endopodite  and  exopo- 
dite are  greatly  widened  out,  and  the  exopodite  is  divided  into 
two  by  a  transverse 'joint. 

The  last  or  21st  segment  of  the  body  is  the  so-called 
"telson,"  and  is  devoid  of  appendages.  On  its  under  side 
is  the  opening  of  the  anus. 

As  regards  the  internal  anatomy  of  the  Lobster,  the  mouth 
opens  into  a  short  and  wide  gullet  which  passes  almost  directly 
into  a  large  globular  stomach,  occupying  the  greater  part  of 
the  cavity  of  the  head  in  front  of  the  heart.  The  stomach  is 
divided  by  a  constriction  into  a  wide  cardiac  division,  which 
contains  a  complicated  apparatus  of  "gastric  teeth"  (vulgarly 
called  "  the  lady  in  the  lobster  "),  and  a  smaller  pyloric  division. 
The  latter  opens  into  a  slender  thin-walled  intestine,  which  is 
continued  backward  to  the  anal  opening  at  the  base  of  the 
telson,  with  hardly  any  change  in  its  diameter.  There  is  a 
large  bilobed  liver,  the  ducts  of  which  open  into  the  intestine 
just  behind  the  pylorus. 

The  heart  (fig.  180,  h)  is  a  large  hexagonal  muscular  sac, 
placed  dorsally,  just  behind  the  "cervical  groove"  of  the 
carapace,  and  contained  within  a  large  membranous  blood 
sinus,  known  as  the  "pericardium"  or  "pericardial  sinus." 
The  blood  contained  in  the  pericardium  is  derived  from  the 
gills,  and  is  therefore  arterial,  and  it  is  admitted  to  the  heart 
by  means  of  three  pairs  of  valvular  slits  in  the  walls  of  the 
latter.  The  heart  is  thus  systemic  in  func^on,  and  it  distri- 
butes the  aerated  blood  throughout  the  body  by  means  of  six 
large  arterial  trunks.  The  arteries  end  in  capillaries  which 
open  into  a  series  of  venous  sinuses,  from  which  the  blood  is 
ultimately  collected  into  a  principal  ventral  sinus.  Thence 
the  blood  passes  to  the  branchiae  in  which  it  is  oxygenated, 
and  from  these  organs,  lastly,  it  is  returned  to  the  "peri- 
cardium," and  thus  enters  the  heart  again. 

The  respiratory  organs  of  the  Lobster  consist  of  twenty 
branchiae  on  each  side  of  the  body,  contained  in  a  long  narrow 
branchial  chamber  on  each  side  of  the  cephalothorax,  and 
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covered  externally  by  the  down -bent  lateral  prolongation 
("  branchiostegite  ")  of  the  carapace.  The  branchial  chambers 
are  thus  entirely  outside  the  body,  and  are  open  behind,  in 


Fig.  x8a— Diagram  of  the  circtilation  of  the  Lobster.  The  systemic  arteries  are  shaded 
longitudinally,  the  veins  are  dotted^  and  the  branchial  vessels  are  black.  A  Heart ; 
a  a  Systemic  arteries ;  i  b  Branchud  vessels ;  c  c  Venous  sinuses ;  £  g  Branchiae ; 
/  Pericardium. 


front,  and  below.  Each  branch  ia  consists  of  a  central  stem 
carrying  lateral  vascular  filaments  on  each  side  in  a  plumose 
manner.  Six  of  the  branchiae  are  attached  to  the  bases  of 
certain  of  the  appendages — viz.,  the  2d  and  3d  maxillipedes 
and  the  first  four  pairs  of  ambulatory  legs.  Another  series  of 
branchiae  are  attached  to  the  membrane  connecting  the  bases 
of  these  limbs  with  the  thorax;  and  four  branchiae  are  attached 
to  the  sides  of  the  thorax  itself.  From  the  mode  of  attach- 
ment of  the  branchiae,  they  necessarily  participate  in  the  move- 
ments of  the  basal  jomts  of  the  limbs,  thus  assisting  in  causing 
a  flow  of  water  through  the  branchial  chamber,  the  direction 
of  the  current  being  from  behind  forwards.  The  membranous 
"epipodites"  serve  to  keep  each  gill  separate  from  its  neigh- 
bours. Moreover,  though  cilia  are  absent,  a  current  of  water 
is  kept  up  by  the  rapid  to-and-fro  movement  of  the  "  scaph- 
ognathite  "  or  spoon-like  appendage  of  the  2d  maxillae,  which 
vibrates  in  the  anterior  opening  of  the  gill-chamber,  just  at  the 
point  where  the  cervical  groove  reaches  the  lower  margin  of 
the  carapace. 

The  sexes  of  the  Lobster,  as  in  the  Crustacea  generally,  are 
in  different  individuals.  The  ovaries  constitute  at  the  breed- 
ing season,  large  dark-coloured  trefoil-shaped  organs,  united 
with  one  another,  lying  beneath  the  heart,  and  opening  by 
short  oviducts  on  the  bases  of  the  3d  pair  of  walking  legs. 
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The  testes  have  essentially  the  shape  and  position  of  the 
ovaries,  but  give  origin  to  long  white  coiled  efferent  ducts 
(vasa  deferentia),  the  openings  of  which  are  placed  on  the 
bases  of  the  5th  pair  of  walking  legs.  The  spermatozoa  are 
aggregated  into  "  spermatophores,"  and  the  ova,  after  expulsion 
from  the  oviducts,  are  carried  about  by  the  female  attached  in 
bunches  to  the  swimmerets,  in  which  position  impregnation  is 
effected.  The  young  pass  through  a  metamorphosis,  though 
not  of  a  very  conspicuous  nature,  the  larva  having  at  first 
sessile  eyes,  without  abdominal  appendages,  and  with  rudi- 
mentary thoracic  limbs. 

Lastly,  the  nervous  system  of  the  Lobster  consists  of  a 
ventral  nerve -cord  carrying  closely  approximated  double 
ganglia.  The  first  or  cerebral  ganglion  is  supra-cesophageal, 
and  gives  off  nerves  to  the  eyes,  antennules,  and  antennae. 
Six  bilobed  thoracic  ganglia  are  present,  united  hy  double 
commissures,  the  first  commissure  surrounding  the  gullet,  and 
forming  an  oesophageal  nerve  -  collar.  There  are  also  six 
bilobed  abdominal  ganglia,  similarly  united  by  double  com- 
missures. 

As  regards  their  classification,  the  Crustacea  may  be  divided 
into  the  two  primary  sections  of  the  Entomostraca  and  the 
Malacostraca.  The  first  of  these  includes  a  great  number  of 
comparatively  simple  Crustaceans,  in  which  the  number  of  the 
segments  and  appendages  is  very  various,  sometimes  rising 
above  the  normal,  and  sometimes  falling  below  it.  The  second 
division  includes  the  more  highly  organised  Crustaceans,  in 
which  the  number  of  the  segments  and  appendages  is  definite. 
The  Cirripedes  (with  the  Rhizocephala)  may  be  provisionally 
regarded  as  a  third  division  under  the  name  of  Anchoracephalay 
characterised  by  the  fact  that  the  adult  is  attached  to  foreign 
bodies  by  the  metamorphosed  head.  The  orders  included  in 
these  three  divisions  are  shown  in  the  following  table : — 

Sub-class  I.  Anchoracephala. 
Order  i.  Cirripedia, 

SuB-CLASS  II.  £ntomostraca. 

''''"  \.  C^^:  }-^^-'  Lophyropoda. 

3.  Cladocera,  \ 

4.  Fhyllopoda.  \  Legion^  Branchiopoda. 

5.  Trilobita,  ) 

l^^;^.        }i^i^-.Meroston>ata. 
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Sub-class  III.  Malacostraca. 
Division  a.  Hedriophthalmata. 
Order  i.  Ampkipoda. 
It      2.  Isopoda, 

Division  B.  Podophthalmata. 
Order  i.  Stomatopoda, 
II      2.  Schizopoda. 
It      3.  Decapoda, 


CHAPTER  XXVIIL 

SUB-CLASS  ANCHORACEPHALA. 

The  members  of  this  sub-class  are  Crustaceans  which  in  the 
adult  state  (except  the  males  of  some  forms)  are  destitute  of 
the  power  of  locomotion,  being  fixed  by  the  metamorphosed 
head  to  the  exterior  of  other  animals  or  to  foreign  bodies. 
The  young  are  locomotive,  and  are  provided  with  eyes  and 
antennae.  Branchiae  are  wanting  or  rudimentary.  The  sexes 
are  united  in  the  same  individual,  with  few  exceptions. 

Order  Cirripedia. — Adult  attached,  enclosed  in  an  integu- 
mentary sac  (^^  mantle-sac^')  within  which  a  many-halved  shell  is 
typically  developed.  Antennce  modified  for  adhesion.  Abdomen 
rudimentary.  Limbs  usually  present,  in  the  form  of  six  pairs  of 
multiarticulate  cirri.    Sexes  generally  united.     Young  locomotive. 

This  sub-class  includes,  amongst  others,  the  common  Acom- 
shells  and  the  Barnacles  or  Goose^mussels.  The  typical  Cir- 
ripedia are  distinguished  by  the  fact,  that  in  the  adult  con- 
dition they  are  permanently  fixed  to  some  solid  object  by  the 
anterior  extremity  of  the  greatly  metamorphosed  head;  the 
first  three  cephalic  segments  being  much  developed,  and  en- 
closing the  rest  of  the  body.  The  larva  is  free  and  locomo- 
tive, and  the  subsequent  attachment,  and  conversion  into  the 
fixed  adult,  is  effected  by  means  of  a  peculiar  secretion,  or 
cement,  which  is  discharged  through  the  antennae  of  the  larva, 
and  is  produced  by  special  cement-glands.  In  the  Cirripedia^ 
therefore,  the  head  of  the  adult  is  permanently  fixfed  to  some 
solid  object,  and  the  visceral  cavity  is  protected  by  an  articu- 
lated calcareous  shell,  or  by  a  coriaceous  envelope.  The  pos- 
terior extremity  of  the  animal  is  free,  and  can  be  protruded  at 
will  through  the  orifice  of  the  shell.    This  extremity  consists 
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of  the  rudimentary  abdomen,  and  of  six  pairs  of  forked,  cir- 
rated  limbs,  fringed  with  hairs,  which  are  attached  to  the 
thorax,  and  serve  to  provide  the  animal  with  food.    The  two 


Fig.  x8i. — Morpholoey  of  Cirripedia.  A,  Le^eu  feciinata^  one  of  the  Banuu:les,  one 
side  of  the  shell  being  removed,  enlarged  four  times :  c  Peduncle :  d  Cement-duct ; 
0  Ovary ;  s  Ovisac  ;  v  Vas  deferens ;  /  Penis.  B,  Pcecilasma  Jitsa^  enlarged  five 
times :  c  Peduncle.  C,  Balantu  balattoides,  viewed  from  above,  of  the  natural  size. 
D,  BaLznus  tintinnabulumy  with  the  shell  on  one  side  removed  to  show  the  ani- 
mal :  a  One  of  the  valves  (' '  scutum  ")  of  the  operailum  ;  b  Another  valve  (' '  tergum  ") 
of  the  operculum.    (After  Darwin  and  Pagenstecher.) 

more  important  types  of  the  Cirripedia  are  the  Acom-shells 
(Baianida)  and  the  Barnacles  {Lepadida),  In  the  former  the 
animal  is  sessile,  the  larval  antennae,  through  which  the 
cement  exudes,  being  embedded  in  the  centre  of  the  mem- 
branous or  calcareous  "  basis  "  of  the  shell.  In  the  latter  the 
animal  is  stalked,  and  consists  of  a  "  peduncle  "  and  a  "  cap- 
itulum."  '  The  peduncle  consists  of  the  anterior  extremity  of 
the  body,  with  the  larval  antennae,  usually  cemented  to  some 
foreign  body.  The  capitulum  is  supported  upon  the  peduncle, 
and  consists  of  a  case  composed  of  several  calcareous  plates, 
united  by  a  membrane,  enclosing  the  remainder  of  the  animal. 
The  group  of  the  Rhizocephala  differs  in  many  respects  from 
that  of  the  typical  Cirripedes,  cement-glands  being  absent,  and 
the  animal  being  fixed  by  means  of  branched  root-like  pro- 
cesses derived  from  the  metamorphosis  of  the  antennae,  while 
the  alimentary  canal  and  limbs  are  absent. 

As  regards  the  development  of  the  typical  Cirripedia^  the  larva  has  the 
form  of  a  "Nauplius"  (fig.  182,  A),  with  an  unsegmented,  pyriform  body, 
a  median  eye,  and  a  dorsal  carapace.  During  its  life  as  a  Nauplius,  the 
yoimg  moults  several  times  (seven  times  in  Lepas  fascicularisy  which  is  here 
taken  as  exemplifying  the  development  of  the  Cirripedia  in  general) ;  and 
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these  various  castings  of  its  integuments  are  accompanied  vdth  material 
changes  of  form.  When  fully  grown,  the  Nauplius  has  an  oval  or  pyriform 
body,  enclosed  in  a  carapace  provided  with  long  caudal  and  dorsal  spines. 
There  are  three  pairs  of  limbs,  of  which  the  first  pair  (representing  the 
antennae)  are  undivided,  while  the  two  hinder  pairs  (fig.  182)  are  bifid,  and 
all  carry  natatory  bristles.     There  is  a  very  large  labrum  (fig.  182,  d)  placed 


Fig.  Z82.— Development  of  Le/as/asa'cu/an's.  A,  Early  stage  of  the  Nauplius,  shov- 
ing the  three  pairs  of  appendages,  of  which  the  hinder  two  pairs  are  bifurcate :  ff  Eye- 
spot  ;  6  Labrum ;  £  Gullet ;  k  h  Lateral  horns.  B,  The  free-swimming  Cypris-stage  or 
''pupa,"  after  the  sixth  moult,  the  antenns  and  feet  retracted  withm  the  shell :  €m 
Antenna,  with  its  suctorial  disc,  traversed  by  the  duct  of  the  cement-gland  (r^) ; 
jr^  Shell-gland ;  <»  Eye;  o^  Adductor-muscle  ; /Feet ;  r  Caudal  process.  Both 
figures  are  greatly  enlarged.    (After  Von  WillemOes-Suhm.) 

in  front  of  the  mouth,  and  there  is  a  well-developed  alimentary  tube,  which 
terminates  by  a  distinct  anus  at  the  root  of  the  caudal  spine.  There  is  at 
first  merely  a  simple  central  eye  ;  but  in  the  adult  Nauplius,  two  compound 
lateral  eyes  are  developed  in  addition.  Ultimately,  the  Nauplius  passes 
into  its  second  condition  or  ** Cypris-stage"  (fig.  182,  B),  when  it  is  often 
spoken  of  as  a  **pupa."  It  is  now  enclosed  in  an  oval,  bivalved,  mussel- 
shaped  shell,  with  an  opening  along  the  ventral  margin.  The  second  and 
third  pairs  of  the  appendages  of  the  Nauplius  have  now  disappeared,  and 
the  first  pair  of  appendages  constitute  strong  four-jointed  antenns,  the 
penultimate  segment  of  which  is  disc-shaped,  and  is  pierced  centrally  by  a 
pore,  which  is  the  opening  of  the  excretory  duct  of  the  **  cement-glands,*' 
these  organs  being  situated  at  the  bases  of  the  antennae.  The  thorax  has 
developed  upon  its  sides  six  pairs  of  forked  natatory  limbs ;  and  the  ab- 
domen is  rudimentary,  three-jointed,  with  terminal  forked  swimming- 
appendages.  The  pupa  does  not  feed,  but  is  nourished  by  means  of  an 
extensive  accumulation  of  fatty  matter,  which  had  been  stored  up  by  the 
Nauplius  in  the  cephalic  and  dorsal  regions  of  the  body ;  while  the  great 
labrum  of  the  latter  is  now  very  much  reduced  in  size. 

After  a  brief  natatory  life,  the  pupa  fixes  itself  by  means  of  the  disc-seg- 
ments of  the  antennse  to  some  foreign  body,  such  as  a  rock,  a  piece  of  drift- 
wood, the  skin  of  a  Cetacean,  a  Sponge,  the  carapace  of  a  Turtle,  or  the 
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colony  of  an  Oceanic  Hydrozoon.  The  ''cement-glands  "  secrete  copiously 
an  acUiesive  cement,  which  is  poured  forth  through  the  central  apertures 
of  the  antennal  discs,  and  by  means  of  which,  the  animal  is  iirmly  and 
finally  fostened  down  to  the  oDJect  to  which  it  in  the  first  place  attached 
itself.  The  body  now  becomes  enclosed  in  a  multivalve  calcareous  "  test," 
produced  by  a  special  shelUgland.  The  organs  of  the  mouth  become  fully 
developed,  and  the  lateral  eyes  of  the  locomotive  pupa  become  rudimen- 
tary or  disappear  altogether.  Lastly,  the  six  pairs  of  natatory  limbs  of  the 
Cypris-stage  are  replaced  by  the  six  forked  and  multisegmentate  ''cirri "  of 
the  adult ;  while  the  base  of  the  abdomen  carries  the  penis,  in  the  form  of 
a  proboscidiform  appendage. 

The  form  of  the  adult,  as  already  said,  differs  considerably, 
but  the  two  most  important  types  are  those  presented  respec- 
tively by  the  Sessile  and  by  the  Pedunculated  Cirripedta^  which 
together  form  the  group  of  the  Thoracica,  A  second  group  is 
that  of  the  Rhizocephala^  the  animals  composing  which  differ 
in  many  important  respects  from  the  typical  forms  of  the 
order.  The  so-cslltd  Addomina/ia  and  Apoda  are  two  small 
groups  of  Cirripedes  comprising  certain  aberrant  types. 

Sub-order  i.  Thoracica. — The  Cirripedes  of  this  sub- 
order are  the  well-known  Acorn-shells  and  Barnacles,  all  of 
which  have  well-developed  biramous  limbs  upon  the  thoracic 
region  of  the  body.  The  animal  may  be  attached  by  a  stalk 
("  Pedunculate  Cirripedes,"  or  Lepadoids),  or  may  be  attached 
directly  by  the  short  larval  antennae  ("  Sessile  Cirripedes,"  or 
Balanoids). 

In  the  Sessile  Cirripedes  or  Balanida^  commonly  known  as 
Acorn-shells  (6g.  i8i,  C,  D),  the  animal  is  protected  by  a  cal- 
careous shell,  formed  by  calcifications  within  the  walls  of  the 
first  three  cephalic  segments.  The  animal  is  placed  within 
the  shell,  head  downwards,  and  is  fixed  to  the  centre  of  a 
shelly  or  membranous  plate,  which  closes  the  lower  aperture 
of  the  shell,  and  which  is  termed  the  *'  basis."  The  "  basis  "  is 
fixed  by  its  outer  surface  to  some  foreign  object,  and  is  some- 
times compact,  sometimes  porous.  Above  the  basis  rises  a 
limpet-shaped,  conical,  or  cylindrical  shell,  which  is  open  at 
the  top,  but  is  capable  of  being  completely  closed  by  a  pyra- 
midal lid  or  ''  operculum."  Both  the  shell  itself  and  the  oper- 
culum are  composed  of  calcareous  plates  usually  differing  from 
one  another  in  shape,  and  distinguished  by  special  names. 
Within  the  shell  the  animal  is  fixed,  head  downwards.  The 
thoracic  segments,  six  in  number,  bear  six  pairs  of  limbs,  each 
of  which  consists  of  a  jointed  protopodite  and  a  much-s^- 
mented  exopodite  and  endopodite,  both  of  which  are  bristled, 
and  constitute  the  so-called  "  cirri,"  from  which  the  name  of 
the  sub-class  is  derived    These  twenty-four  cirri — the  "glass 
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hand"  of  the  Balanus — are  in  incessant  action,  being  pro- 
truded from  the  opening  of  the  shell,  and  again  retracted 
within  it,  constantly  producing  currents  of  water,  and  thus 
bringing  food  to  the  animal.  Two  folded  lamellae  in  the  in- 
terior of  the  sac  of  Balanus  have  been  regarded  as  branchial, 
but  these  are  more  largely  developed  in  Coronuia,  The  Cor- 
onuia  are  attached  parasitically  to  the  skin  of  whales,  and 
are  found  in  both  northern  and  southern  seas.  In  the  genus 
Verruca  the  shell  is  unsymmetrical,  and  the  pieces  of  the 
operculum,  though  movable,  are  not  furnished  with  a  de- 
pressor muscle.  The  species  of  Balanus  itself  are  almost 
wholly  shallow-water  forms,  and  have  a  cosmopolitan  distribu- 
tion, though  the  genus  is,  geologically  speaking,  quite  a  mod- 
em one.     The  earliest  fossil  types  of  the  Balanoids  appear 

in  the  Secondary  rocks,  and 
the  family  of  the  Verrucida  is 
represented  in  the  Chalk. 

In  the  Pedunculate  Cirri- 
pedes  or  "  Lepadoids,"  the 
anterior  extremity  of  the  ani- 
mal (figs.  183  and  181,  A, 
B)  is  enormously  elongated, 
forming  with  the  prehensile 
antennae,  the  cement -ducts, 
and  their  exudation,  a  long 
stalk  or  peduncle,  whereby 
the  animal  is  attached  to 
some  solid  object.  The  pe- 
duncle is  cylindrical,  of  vary- 
ing length,  flexible,  and  fur- 
nished with  proper  muscles. 
In  some  species  it  is  naked, 
but  in  others  it  is  furnished 
with  calcareous  scales.  At 
its  free  extremity  the  pe- 
duncle bears  the  "capitu- 
lum,"  which  corresponds  to 
the  shell  of  the  Balanoids, 
and  is  composed  of  various  calcareous  plates,  united  together 
by  a  membrane,  moved  upon  one  another  by  appropriate 
muscles,  and  protecting  in  their  interior  the  body  of  the  animal 
with  its  appendages.  The  thorax  and  limbs  resemble  those 
of  the  Balanus ;  but  "  slender  appendages,  which  from  their 
position  and  connections  are  homologous  with  the  branchiae 
of  the  higher  Crustacea^  are  attached  to,  or  near  to,  the  base 


Fig.  183. — Two  fully-erown  individuals  of  the 
common  Barnacle  (J^pas  anati/era\  grow- 
ing upon  a  foreign  body.  >  The  stalk  of 
attachment;  c  The  body  of  the  animal  en- 
closed in  a  shell,  from  which  the  legs  can 
be  protruded. 
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of  a  greater  or  less  number  of  the  thoracic  feet,  and  ex- 
tend in  an  opposite  direction  outside  the  visceral  sac" 
(Owen). 

All  the  Balanida  are  hermaphrodite,  and  this  is  also  the  case  with  most 
of  the  Lepadida^  bat  some  extraordinary  exceptions  occur  in  this  latter 
order.  Thus,  in  some  species  of  Scalpellum  the  individual  forming  the 
ordinary  sheU  is  female,  and  each  female  has  two  males  lodged  in  trans- 
verse depressions  within  the  shell.  These  males  ''are  very  singular 
bodies;  they  are  sac-formed,  with  four  bead-like  rudimental  valves  at 
their  upper  ends ;  they  have  a  conspicuous  internal  eye ;  they  are  abso- 
lutely destitute  of  a  mouth,  or  stomach,  or  anus ;  the  cirri  are  rudimental 
and  furnished  with  straight  spines,  serving  apparently  to  protect  the 
entrance  of  the  sac ;  the  whole  animal  is  attached  like  the  ordinary  Cirri- 
pede,  first  by  the  prehensile  antennae,  and  afterwards  by  the  cementing 
substance.  The  whole  animal  may  be  said  to  consist  of  one  great  sperm- 
receptacle,  char^eed  with  spermatozoa ;  as  soon  as  these  are  discharged, 
the  animal  dies.  ' 

"A  far  more  singular  fact  remains  to  be  told;  SccUpellum  vulture  is, 
like  ordinary  Cirripedes,  hermaphrodite,  but  the  male  organs  are  some- 
what less  developed  than  is  usual ;  and  as  if  in  compensation,  several 
short-lived  males  are  almost  invariably  attached  to  the  occludent  margin 
of  both  scuta.  ...  I  have  called  these  beings  complemental  males,  to 
signify  that  they  are  complemental  to  an  hermaphrodite,  and  that  they  do 
not  pair  like  ordinary  males  with  simple  females  "  (Darwin). 

The  Lepadoids  usually  attach  themselves  to  floating  objects 
in  the  sea,  dead  or  alive.  In  Anelasma^  the  peduncle  develops 
root-like  processes,  by  which  the  animal  is  attached  to  the 
skin  of  sharks.  The  range  of  the  Lepadoids  in  depth  is  very 
great,  the  genus  Scalpellum  occurring  at  depths  of  about  3000 
fathoms.  As  regards  their  geological  range,  the  earliest  types 
appear  in  the  Silurian  rocks  {Turrilepas)^  and  the  group  ap- 
pears to  attain  its  maximum  in  the  Cretaceous  period. 

Sub-order  2.  Abdominalia.  —  This  small  group  comprises  certain 
aberrant  Cirripedes  {Cryptophudus  and  Alcippe\  which  have  a  flask-shaped 
mantle,  without  calcareous  plates,  with  three  pairs  of  cirri  attached  to  the 
segments  of  the  abdomen.  The  sexes  are  distinct,  and  the  males  are 
dwarfed,  and  are  attached  to  the  females,  these  latter  boring  into  the 
shells  of  Molluscs. 

Sub-order  3.  Apoda. — ^This  includes  the  single  genus  ProteolepaSj  in 
which  the  mantle-sac  is  rudimentary,  the  alimentary  canal  is  degenerate, 
there  are  no  limbs,  and  the  mouth  is  adapted  for  suction.  The  sexes  are 
united,  and  the  animal  lives  as  a  parasite  in  the  mantle  of  other  Cirri- 
pedes. 

Sub-order  4.  Rhizocephala. — The  Cirripedes  included  in 
this  section  are  devoid  of  segmentation,  and  have  no  limbs. 
The  mouth  and  alimentary  canal  are  wanting.  The  herma- 
phrodite adult  is  parasitic,  and  is  attached  to  its  host  by 
lamified  root-like  processes,  representing  the  metamorphosed 
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antennse.     The  young  is  locomotive,  and  has  the  form  of  a 
"  Nauplius."  * 

The  Rhizocephala  constitute  a  peculiar  group  of  Crustaceans, 
the  adults  of  which  are  found  attached  parasitically  to  the 
abdomen  of  Crabs  and  Hermit-crabs.     The  body  (fig.  184,  B) 


Fig.  184.— Morphology  of  Rhixocephala,  A,  First  larval  form  of  Sacculina  purpurea^ 
greatly  enlarged.  B,  Young  of  Peltogaster  socialis  attached  to  the  abdomen  of  a 
Hermit-crab ;  at  a  the  root-like  processes  of  attachment  of  one  individual  are  shown. 
C,  Body  of  Sacculina  carcini^  of  the  natural  size :  the  rpots  of  attachment  not  shown. 
(A  and  B  are  after  Friu  MQller.) 

is  sac-like,  and  non-segmented,  and  consists  of  a  muscular 
mantle  in  which  no  skeletal  structures  are  developed,  its  only 
aperture  being  reproductive  and  closed  by  a  sphincter.  There 
are  no  limbs,  sense-organs,  or  alimentary  canal,  but  there  are 
well -developed  reproductive  organs,  each  individual  being 
hermaphrodite.  The  sac-like  body  is  kept  in  connection  with 
its  host  by  means  of  branched,  root-like  processes  of  attach- 
ment (fig.  184,  B),  which  sink  deeply  into  the  tissues  of  the 
latter,  and  represent  the  modified  antennse.  By  means  of 
these  hollow  ramified  processes,  which  \idnd  round  the  viscera 
of  its  host,  the  animal  is  enabled  to  nourish  itself. 

The  embryos  of  the  Rhizocephala  (fig.  184,  A)  are  at  first 
"  naupliiform,"  with  an  ovate  unsegmented  body,  an  unpaired 
median  eye,  and  a  dorsal  shield  or  carapace.  The  abdomen 
terminates  in  a  movable  caudal  fork,  and  there  is  neither 
mouth  nor  alimentary  canal.  In  their  second  stage  (as  so- 
called  "  pupae "),  the  young  of  the  Rhizocephala  are  enclosed 
in  a  bivalve  shell,  the  foremost  pair  of  limbs  constitute  pecu- 
liar organs  of  adhesion  ("  prehensile  antennae  '*  of  Darwin),  the 
two  following  pairs  of  limbs  are  cast  off,  and  six  pairs  of 
powerful  biramous  natatory  feet  are  formed  on  the  thorax. 

*  The  name  of  "Nauplius"  was  given  by  O.  F.  Miiller  to  the  unseg- 
mented ovate  larva  of  the  lower  Crustacea^  with  a  median  frontal  eye,  but 
without  a  true  carapace  ;  and  this  name  may  be  conveniently  employed  to 
designate  all  the  larval  forms  which  agree  in  these  characters. 
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There  is  still  no  mouth.  The  "  pupae  "  now  attach  themselves 
to  the  abdomen  of  Crabs,  Porcellana,  and  Hermit-crabs ;  they 
remain  astomatous ;  "  they  lose  all  their  limbs  completely,  and 
appear  as  sausage-like,  sack-shaped,  or  discoidal  excrescences 
of  their  host,  filled  with  ova ;  from  the  point  of  attachment 
closed  tubes,  ramified  like  roots,  sink  into  the  interior  of  the 
host,  twisting  round  its  intestine,  or  becoming  diffused  amongst 
the  sack -like  tubes  of  its  liver.  The  only  manifestations  of 
life  which  persist  in  these  non  plus  ultras  in  the  series  of  retro- 
gressively  metamorphosed  Crustacea  are  powerful  contractions 
of  the  roots,  and  an  alternate  expansion  and  contraction  of  the 
body,  in  consequence  of  which  water  flows  into  the  brood- 
cavity,  and  is  again  expelled  through  a  wide  orifice." — (Fritz 
Miiller). 


CHAPTER    XXIX. 

SUB'CLASS  ENTOMOSTRACA. 

Sub-class  II.  Entomostraca  (Gnaihopoda^  Woodward). — 
The  division  of  the  Entomostracous  Crustaceans  includes  a 
large  niunber  of  comparatively  simple  types,  in  which  the 
limbs  and  segments  are  usually  indefinite  in  number,  the 
former  either  fewer  or  more  than  fourteen,  and  the  character 


Fig.  185.— Fresh-water  Entomostraca.    a  Cvj^ts  trit-striata  ;  b  DaphniapuUx; 
c  Cyclops  quadricomis, 

of  the  appendages  is  very  varied.  The  limbs  are  principally 
developed  in  the  cephalic  region,  and  their  bases  generally 
act  as  jaws.     The  characteristic  larval  form  is  that  of  a  "  nau- 
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plius."  The  orders  of  the  Eurypterida  and  Xifhosura  (with 
the  probable  addition  of  the  Trilobita)y  here  placed  among 
the  Entomostnua^  are  grouped  together  by  Professor  Claus 
in  a  special  section,  which  he  terms  Gigantostraca^  and  which 
he  regards  as  probably  related  to  the  Arachnida, 

The  EntomostrcLca  are  divided  into  three  great  divisions,  or 
**  legions,"  the  Lophyropoda,  Branchiopoda^  and  Merostomata, 

Division  A.  Lophyropoda. — ^The  members  of  this  division 
possess  few  branchiae,  and  these  are  attached  to  the  appen- 
dages of  the  mouth.  The  feet  are  few  in  number,  and  mainly 
subserve  locomotion;  the  carapace  is  in  the  form  either  of 
a  shield  protecting  the  cephalothorax,  or  of  a  bivalve  shell 
enclosing  the  entire  body.  The  mouth  is  mostly  not  suctorial, 
but  is  furnished  with  organs  of  mastication. 

This  division  comprises  the  two  orders  Ostracoda  and 
Copepoda, 

Order  I.  Ostracoda. — Small  Crustaceans  having  the  en- 
tire body  enclosed  in  a  shell  or  carapace^  which  is  composed  of 
two  valves  united  along  the  back  by  a  membrane.  There  are 
seven  pairs  of  appendages,  of  which  the  first  two  are  antennce^ 
and  the  posterior  appendages  are  adapted  for  creeping  or 
swimming. 

The  Ostracoda  are  all  small  Crustaceans  in  which  the  body 
is  enclosed  within  a  bean-shaped  or  mussel-shaped  shell,  com- 
posed of  two  valves  united  along  the  back  by  an  elastic 
ligament  (fig.  i86,  B).     The  animal  can  open  the  valves  of 
the  shell  along  their  ventral  margin,  and  can  protrude  the 
appendages  and  the  caudal  extremity  of  the  abdomen.    The 
first  two  pairs  of  appendages  are  antennules  and  antennae  (fig. 
1 86,  A),  which  can  be  used  as  locomotive  limbs.    These  are 
followed  by  a  pair  of  mandibles,  succeeded  by  a  pair  of 
maxillae ;  and  the  next  two  pairs  of  appendages  may  be  either 
jaws  or  legs.    The  sixth  and  seventh  pairs  of  appendages  are 
leg-like,  and  variously  formed  in  different  cases.    A  median 
eye,  or  two  lateral  eyes  are  present.      Branchial  plates  are 
attached  to  some  of  the  jaws,  and  a  distinct  heart  may  be 
present  (Cypridina)  or  absent  {Cypris  and   Cy there).      The 
young  forms  are  usually   "nauplii,"  but  there  may  be   no 
metamorphosis.     Parthenogenesis  is  a  not  uncommon  pheno- 
menon in  the  Ostracodes. 

The  Ostracoda,  often  called  "  Water-fleas,"  are  represented 
by  very  numerous  forms  both  in  fresh  water  and  in  the  sea. 
The  commonest  fresh-water  types  are  the  little  Cyprides  (figs. 
185,  a,  and  186,  B).  The  marine  Ostracodes  (Cytherey 
Cypridina,  &c.),  are  mostly  shallow-water  forms,  and  are  of 
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small  size;  but  there  are  deep-sea  types  which  attain  com- 
paratively gigantic  dimensions  (nearly  an  inch  in  length^. 
Numerous  fossil  forms  of  the  Ostracodes  are  known,  then- 


tm 


Fig.  186. — Ostracoda.   A,  C^pridina  MessiftensiSj  viewed  from  the  side,  and  gr<utly  en* 


like  appendage  for  the  retention  of  the  brood ;  ab^  Extremity  of  the  abdomen  ;  m 
Mandibular  appendage  ;  ntx^  The  first,  second,  and  third  maxillse. 

remains    occurring    in  all    formations,   from    the  Cambrian 
onward. 

Order  II.  Copepoda. — SmaU  Crustaceans  having  bifid 
natatory  feet^  and  the  head  and  thorax  usually  covered  with  a 
carapace.  Two  caudal  locomotive  appendages  are  often  present; 
but  the  abdomen  does  not  carry  limbs.  Segmentation  is  distinct 
in  the  free  forms  ;  but  it  is  more  or  less  lost  in  the  females  of  the 
parasitic  types.  A  distinct  heart  is  sometimes  absent  (as  in  the 
Cyclopidce) ;  but  is  sometimes  present  The  young  are  mostly 
"  nauplii,'*  with  impau-ed  eyes,  three  pairs  of  limbs  (the  future 
antennae  and  mandibles),  and  two  terminal  setae.  Next,  the 
maxillae  are  produced,  and  usually  three  other  pairs  of  limbs 
(the  foot-jaws  and  the  two  front  pairs  of  natatory  feet).  At  the 
next  moult,  the  larva  assumes  the  Cyclops  form,  but  it  has  at 
first  fewer  limbs  and  somites. 
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The  typical  Copepoda  have  the  feet  adapted  for  swimming 
(fig.  187,  B),  and  have  the  mouth  usually  fitted  for  mastication, 
while  the  segmentation  of  the  body  is  distinct.     They  are  for 


Fig.  187. — Copepoda.  A,  Female  of  Cych^s  tequortust  seen  from  above,  and  greatly  en- 
larged, with  the  external  ovisacs.  B,  Female  of  Cyclopina  littoralis,  viewed  from 
one  side,  and  greatly  enlarged.    (After  G.  S.  Brady.) 

the  most  part  free-swimming  locomotive  animals,  and  are  found 
abundantly  in  both  fresh  and  salt  water.  Amongst  the  com- 
monest forms  are  the  species  of  Cyclops  (fig.  185,  r,  and  fig. 
187,  A)  in  which  the  front  of  the  body  is  covered  by  a  head- 
shield,  and  there  is  a  long  segmented  abdomen.  A  simple 
unpaired  eye  is  present,  and  the  antennse  of  the  males  are 
employed  as  organs  of  prehension.  The  female  carries  the 
eggs  in  a  pau-  of  external  ovisacs,  and  the  young  are  often 
produced  parthenogenetically.  The  Cyclopida  are  almost 
entirely  confined  to  fresh  water.  Among  the  marine  types, 
the  genus  Cetochilus  may  specially  be  mentioned.  The  species 
of  this  genus  sometimes  occiu*  in  such  vast  numbers  as  to  dis- 
colour the  waters  of  the  ocean ;  and  they  furnish  an  abundaiit 
supply  of  food  to  fishes  and  other  inhabitants  of  the  sea. 

Various  groups  of  the  Copepods  are  parasitic  in  their  habits, 
and  these  have  often  been  classed  together  under  the  name  of 
Fish-lice  {Ichthyophthira),  All  these  forms  have  the  organs  of 
the  mouth  adapted  for  piercing  and  suction.    In  some  of  these 
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parasitic  types  (such  as  Caligus  and  Argulus\  the  adults  retain 
their  natatory  feet,  and  are  thus  not  permanently  attached  to 
their  hosts.  The  species  of  Caligus  have  a  large  shield-like 
cephalothorax,  and  attach  themselves  as  parasites  to  the  in- 
t^roent  and  gills  of  various  sea -fishes.  In  Argulus  the 
general  form  of  the  body  is  much  as  in  Caligus;  but  the 
first  pair  of  foot -jaws  are  converted  into  powerful  suckers 
for  adhesion.  The  species  of  Argulus  attach  themselves  to 
various  fresh-water  fishes. 
In  other  groups  of  parasitic  Copepods,  retrogressive  de- 


Tt%,  x88.— Parasitic  Copepods  {lehtkyc^hikira).  A,  Female  of  TrttchetiasUt polvcol^^ 
enlaned  aboat  eight  times  (after  Nordmann):  m  Second  pair  of  maxillipedes, 
united  at  their  extremities  to  form  an  adhesive  discj  a  Prehensile  antenne;  o 
Ovisacs.  B,  Female  of  Diocns g^obinusy  enliu^ed  four  times:  o  Ovisacs.  C.  Pigmy 
male  of  the  preceding,  enlarged  thirty-eight  times.    (After  Steenstrup  and  LUtken.) 

velopment  takes  place  to  a  much  more  marked  degree  than 
in  the  types  just  spoken  of.  In  the  forms  in  question  {Lemaa^ 
Achtheres,  Peniculus,  Tracheliasies^  &c.),  the  young  have  the 
form  of  free-swimming  **  nauplii,"  or  of  locomotive  Cyclops- 
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like  larvae,  in  which  condition  they  possess  both  organs  of 
vision  and  natatory  appendages.  The  future  of  these  free 
larvae  varies  with  the  sex  of  the  individual.  The  adult  females 
(fig.  1 88,  A  and  B)  are  parasitic  in  habit,  and  become  fixed  to 
the  skin,  gills,  or  eyes  of  fishes,  undergoing  at  the  same  time 
an  extraordinary  retrograde  change.  The  oigans  of  the  mouth 
become  adapted  for  suction,  and  some  of  the  cephalic  append- 
ages are  modified  for  purposes  of  adhesion.  The  locomotive 
limbs  degenerate  in  size,  or  are  wholly  lost,  and  the  eye  may 
disappear.  The  abdomen  is  reduced  in  size,  and  the  seg- 
mentation of  the  body  is  obscured  or  lost,  the  animal  often 
becoming  more  or  less  swollen  or  deformed  (fig.  i88,  B). 
Very  commonly  there  are  appended  to  the  abdomen  two 
external  ovisacs  (fig.  i88,  o)  in  which  the  eggs  are  contained. 
In  some  cases  (Lemaa)  this  change  does  not  take  place  until 
after  impregnation  has  been  effected.  On  the  other  hand,  the 
males  (fig.  i88,  C)  are  to  a  large  extent  exempt  from  the  re- 
trogressive metamorphosis  by  which  the  females  are  affected. 
They  are  usually  dwarfed  in  size,  and  have  the  general  form 
of  such  Copepods  as  Cyclops  ;  and  they  either  adhere  to  the 
females,  or  may  even  (as  in  Ltmad)  retain  their  natatory  feet, 
and  live  a  free  life. 

Division  B.  Branchiopoda. — ^The  Crustaceans  included  in 
this  division  have  many  branchiae,  and  these  are  attached  to 
the  legs,  which  are  often  numerous,  and  are  formed  for  swim- 
ming. In  other  cases  the  legs  themselves  are  flattened  out  so 
as  to  form  branchiae.  The  body  is  either  naked,  or  is  protected 
by  a  carapace,  which  may  enclose  either  the  entire  body,  or  the 
head  and  thorax  only.  The  mouth  is  provided  with  oigans  of 
mastication. 

The  Branchiopoda  comprise  the  Cladocera,  the  PkyUapoda^ 
the  Phyllocarida^  and  probably  the  Trilobita^  though  this  last 
departs  in  many  respects  from  the  first  three  groups. 

Order  I.  Cladocera. — ^The  members  of  this  order  are 
small  Crustaceans^  which  have  a  distinct  head,  and  have  the 
whole  of  the  remainder  of  the  body  enclosed  within  a  biviih/e 
carapctce.  The  feet  are  few  in  number  (usually  four^  ftve^  or  six 
pairs),  and  are  mostly  respiratory ,  carrying  the  branchia,  7\vo 
pairs  of  antenna  arepresenty  the  larger  pair  being  of  large  size^ 
branched^  and  acting  as  natatory  organs.  The  Cladocera  quit 
the  egg  with  the  full  number  of  limbs  proper  to  the  s^ult.  A 
distinct  heart  (fig.  189,  h)  is  present,  in  the  form  of  an  ovate 
contractile  sac.  The  Cladocera  are  exclusively  confine<l  to 
fresh  water. 

In  the  Daphnia  pulex  i^g.  185,  b\  or  "Branched -homed 
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Water-flea,"  which  occurs  commonly  in  our  ponds,  the  body 
is  enclosed  in  a  bivalve  shell,  which  is  not  furnished  with  a 
hinge  posteriorly,  and  which  opens  anteriorly  for  the  protrusion 


Fig.  189. — Cladoceni.  Bosmina  Itevit,  greatly  enlarged,  the  internal  organs  showing 
through  the  translucent  shell :  a  Antennules ;  an  Antennae ;  c  Cephalic  ganslion, 
terminatinK  in  front  in  a  mass  of  ganglion-celU  at  the  base  of  the  antennules ;  e 
£y« ;  m  Mandible;  i  Alimentary  caniu;  r  Shell-gland  ;  A  Heart;  0  Ovum  con- 
tained in  the  brood  sac;  ai  Extremity  of  the  aUomen,  with  terminal  claw-like 
appendages.    (After  Leydig.) 

of  the  feet  The  head  is  distinct,  not  enclosed  in  the  cara- 
pace, and  carrying  a  single  eye.  The  mouth  is  situated  on 
the  under  surface  of  the  head,  and  is  provided  with  two  man- 
dibles and  a  pair  of  maxillae.  The  gills  are  in  the  form  of 
plates,  attached  to  the  five  pairs  of  thoracic  legs.  The  males 
are  very  few  in  number,  compared  with  the  females,  and  a 
single  congress  is  all  that  is  required  to  fertilise  the  female  for 
life.  Not  only  is  this  the  case,  but  the  young  females  pro- 
duced from  the  original  fecundated  female  are  able  to  bring 
forth  young  without  having  access  to  a  male.  Two  kinds  of 
eggs  occur  in  Daphnia,  In  the  first  of  these,  or  "summer 
eggs,"  the  ova  (from  ten  to  fifty  in  number)  are  deposited  in 
an  open  space  between  the  valves,  and  are  retained  there  until 
the  young  are  ready  to  be  hatched.  In  the  second  of  these, 
or  "  ¥rinter  eggs,"  which  alone  are  fecundated,  the  ova  (gener- 
ally two  in  number)  are  placed  in  a  peculiar  receptacle,  which 
is  formed  on  the  back  of  the  carapace,  and  is  called  the  "ephip- 
pium"  or  saddle.     The   eggs  remain  dormant  through  the 
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winter,  and  are  hatched  in  spring  by  the  warmer  temperature 
of  the  water. 

Order  II.  Phyllopoda. — Crustacea^  mostly  of  small  size^ 
generally  having  the  front  part  of  the  body  protected  by  a  shield- 
like  carapace^  or  sometimes  having  the  body  enclosed  in  a  bivalve 
shell.  The  feet  are  usually  numerous^  and  more  or  fewer  of  them 
are  leaf  like  inform^  and  act  as  respiratory  organs.  Partheno- 
genesis is  common,  and  the  young  are  hatched  in  the  form 
of  a  "  nauplius."  All  the  recent  Phyllopods  (if  NebcUia  be 
excluded)  are  inhabitants  of  fresh  water. 

One  of  the  most  typical  genera  of  the  Phyllopods  is  Apus  (fig.  191,  B), 
in  which  the  anterior  part  of  the  body  is  covered  with  an  oval  carapace, 
carrying  a  pair  of  compound  eyes  upon  its  upper  surface  in  front  The 
under  surface  carries  sixty  pairs  of  feet,  of  whidi  the  first  is  divided  into 
three  slender  whip-like  branches  on  each  side,  while  the  remainder  are 
foliaceous  and  branchial.  Apus  is  gregarious,  and  is  often  found  in  great 
numbers  in  pools  and  ditches  in  Europe,  allied  forms  occurring  in  North 
America.  Closely  related  to  Aptis  is  the  genus  Lepidurus  (fig.  190,  A), 
which  is  also  found  in  the  United  States. 

In  the  genus  Limnadia  the  body  is  enclosed  in  an  oval,  strongly  bent. 


Wvg.  190.— Morphology  of  Phyllopoda. 
Under  side  of  head  of  the  same. 


A,  Lepidurus  Ang^assi,  viewed  dorsally.  B, 
Under  side  of  bead  of  the  same.  C.  NebaUa  bipes^  one  side  of  the  carapace  betng 
removed,  so  as  to  show  the  branchial  feet.  D,  Bra$$chipus  stapuUis^  female.  E  and 
F,  Young  stages  of  the  same.  G,  A  magnified  specimen  QXEsthcria^  in  its  living 
state. 

and  very  delicate  carapace,  and  there  are  usually  from  eighteen  to  twenty- 
two  pairs  of  leaf-like  feet.  In  Estheria  (fig.  190,  G)  the  body  is  protected 
by  a  mussel-shaped,  sub-ovate  carapace,  which  is  extremely  like  the  ^ell 
of  a  Bivalve  Mollusc,  not  only  in  shape  and  appearance,  but  also  in  hav- 
ing the  valves  joined  at  their  beaks  dorsally,  and  marked  by  concentric  lines 
of  growth.  The  species  live  in  fresh  or  brackish  water,  and  numerous 
fossil  forms  are  known,  beginning  as  early  as  the  Devonian  period. 
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In  the  ''Fairy  Shrimps''  (Branchipus  and  Charocephalus,  fig.  190,  D), 
the  body  is  without  a  carapace,  there  is  a  long  and  segmented  abdomen, 
and  there  are  usually  eleven  pairs  of  foliaceous  feet.  The  natural  position 
of  the  animal  in  swimming,  as  also  in  Apus  and  its  allies,  is  back -down- 
wards. The  species  are  found  in  ponds  and  swamps  in  various  parts  of 
the  world.  Lastly,  the  species  oi  Artemia,  often  called  "Brine-shrimps," 
are  found  inhabiting  the  brine-pans  in  salt-works,  or  occur  in  salt  lakes  in 
both  the  Old  and  New  Worlds.  There  is  some  reason  for  believing  that 
Artemia  is  only  a  degraded  form  of  Branchipus— \.o  which  it  is  morpho- 
logically nearly  related — produced  by  increased  salinity  of  the  water  in 
which  the  animal  lives. 

Phyllocarida. — It  has  been  proposed  by  Packard  to  found 
under  this  name  a  special  section  of  Crustacea  for  the  recep- 
tion of  the  singular  marine  genus  Nebalia  (fig.  191,  A),  which 


Fig.  19 1. — A,  Nebalia  HerbsHit  enlarged  about  three  times. 
B,  Apus  eancriformiSf  viewed  from  above. 

is  related  on  the  one  hand  to  the  Phyllopoda,  and  on  the  other 
hand  to  the  Schizopoda,  The  genus  Nebalia  includes  small 
marine  Crustaceans,  in  which  the  body  is  covered  anteriorly 
with  a  bivalved  carapace,  produced  in  front  into  a  beak  or 
"rostrum,"  below  which  are  placed  two  pedunculate  eyes  (fig. 
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190,  C).  There  are  two  pairs  of  antennae,  and  the  jaws  are 
followed  by  eight  pairs  of  leaf-like  thoracic  feet,  succeeded  by 
a  series  of  natatory  feet,  behind  which  are  two  pairs  of  small 
abdominal  feet  In  the  vicinity  oi  Nebalia  must  be  placed 
many  curious  fossil  Crustaceans  {Hymenocaris^  Caryocaris^ 
Dithyrocaris^  CeratiocariSy  &c),  many  of  which  occur  in  very 
ancient  fossiliferous  formations. 

Order  III.  Trilobita. — This  order  is  entirely  extinct,  none 
of  its  members  having  survived  the  close  of  the  Palaeozoic 
period.  The  Trilobites  are  Crustaceans  in  which  the  body  is 
usually  more  or  less  distinctly  trilobed;  there  is  a  cephalic  shield^ 
usually  bearing  a  pair  of  sessile  compound  eyes ;  the  thoracic 
somites  are  movable  upon  one  another^  and  are  very  variable  in 
number ;  the  abdominal  segments  are  coalescenty  and  form  a 
caudal  shield ;  there  is  a  well-developed  upper  lip  or  ^^hypostome^ 

As  regards  the  general  structure  of  the  Trilobites,  the  body 
was  protected  by  a  well -developed  shell  or  "crust,"  which 
covered  the  whole  dorsal  surface  of  the  body,  and  which  usu- 
ally exhibits  more  or  less  markedly  a  division  into  three  longi- 
tudinal lobes  (fig.  192),  from  which  the  name  of  the  order  is 
derived.  The  crust  is  composed  of  a  cephalic  shield,  generally 
crescentic  in  shape,  a  variable  number  of  free  and  movable 
rings,  constituting  the  thorax,  and  a  caudal  shield  or  "  pygi- 
dium,"  the  rings  of  which  are  more  or  less  completely  anchy- 
losed.  On  the  under  surface  of  the  head-shield  in  front,  there 
is  situated  a  forked  or  oval  upper  lip  or  "  labrum,"  which  re- 
sembles in  form  the  labrum  of  the  Phyllopodous  genus  Apus. 
Recent  researches  by  Mr  C.  D.  Walcott  have  also  consider- 
ably increased  our  knowledge  of  the  condition  of  the  under 
surface  of  the  body  in  the  Trilobites.  This  observer,  namely, 
has  shown  that  the  visceral  cavity  of  the  Trilobites  (fig.  193,  ^) 
was  bounded  inferiorly  by  a  thin  membrane,  which  is  attached 
to  the  lower  margin  of  the  dorsal  crust  all  round.  This  ventral 
membrane  was  strengthened  by  calcified  arches,  which  in  turn 
supported  the  appendages  beneath.  As  to  these  latter  our 
knowledge  is  not  yet  complete,  but  we  know  that  in  some  forms 
there  existed  a  row  of  articulated  appendages  on  each  side  of 
the  middle  line  below.  The  thoracic  appendages  seem  to  have 
been  slender  five-jointed  legs,  in  which  the  terminal  segment 
forms  a  pointed  claw,  and  the  basal  segment  carries  a  jointed 
appendage,  regarded  by  Mr  Walcott  as  homologous  with  the 
"  epipodite  "  of  many  recent  Crustaceans.  On  each  side  of  the 
thoracic  cavity  there  is  also  attached  a  row  of  bifid  spiral 
appendages  (fig.  193,  e\  of  the  nature  of  gills;  and  branchial 
appendages  were  probably  attached  to  the  bases  of  the  thoracic 
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limbs  as  well.  With  regard  to  the  appendages  of  the  head, 
the  mouth  is  situated  behind  the  hypostome,  and  is  bounded 
by  four  pairs  of  jointed  manducatory  appendages,  the  basal 
joints  of  which  are,  partly  or  wholly,  modified  to  act  as  jaws. 

The  cephalic  shield  of  a  typical  Trilobite  is  more  or  less  completely 
semicircular  (fig.  192),  and  is  composed  of  a  central  and  of  two  lateral 


Fiff.  102,— The  skeleton  ot  a  Trilobite  {Angeiina  Sedgwickit),  partially  dissected.  A, 
Head-shield ;  B,  Movable  rings  of  the  thorax ;  C,  Tail  or  abdomen,   g  Glabella  (in 

'  this  speties  without  furrows};  fi  Fixed  cheeks;  e  Eye- lobe;  o  Eye;  /Facial 
suture;  fr  Free  cheeks;  *  Head -spines;  /  Pleurae;  pp  Anchylosed  pleurae  of 
pygidium. 

pieces,  of  which  the  two  latter  may,  or  may  not,  be  united  together  in 
front  of  the  former.  .    ,        r    ,. 

The  median  portion  is  usually  elevated  above  the  remainder  of  the 
cephalic  shield,  and  U  called  the  "glabella";  it  protected  the  region  of 
the  stomach,  and  is  usually  divided  into  from  three  to  four  lobes  by  lateral 
grooves.  At  each  side  of  the  glabella,  and  continuous  with  it,  is  a  small 
semicircular  area,  called  the  "  fixed  cheek."  The  glabella,  with  the  "  fixed 
cheeks,"  is  separated  from  the  lateral  portions  of  the  cephalic  shield- 
termed  the  "movable"  or  "free  cheeks"— by  a  peculiar  suture  or  line 
of  division,  which  is  known  as  the  "facial  suture,'^ and  is  quite  unknown 
amongst  recent  Crustacea,  except  for  a  faint  indication  in  Limtdus,  and 
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more  or  less  doubtful  traces  in  certain  other  forms.  The  movable  cheeks 
bear  the  eyes,  which  are  generally  crescentic  or  reniform  in  shape,  are 
rarely  pedunculated  (being  never  supported  upon  movable  foot-stalks), 
and  consist  of  an  aggregation  of  facets  covered  by  a  thin  cornea.     The 


*'ig'  103.— Transverse  section  of  the  thorax  of  Calymene  se*iaria^  partially  restored 
(after  C.  D.  Walcott).  a  Dorsal  crust ;  b  Visceral  cavity,  continued  laterally  to  the 
pleural  margins  of  the  dorsal  crust ;  c  Legs,  restored  ;  a  Epipodite ;  /  Spiral  gills. 
Enlarged  six  times. 

facial  sutures  may  join  one  another  in  front  of  the  glabella — in  which  case 
the  free  cheeks  will  form  a  single  piece ;  or  they  may  cut  the  anterior  mar- 
gin of  the  shield  separately — in  which  case  the  free  cheeks  will  be  discon- 
tinuous. The  posterior  angles  of  the  free  cheeks  are  often  produced  into 
long  spines. 

Behind  the  cephalic  shield  comes  the  thorax,  composed  of  a  variable 
number  of  segments,  which  are  not  soldered  together,  but  are  capable  of 
free  motion  upon  one  another,  so  as  to  allow  the  animal,  in  many  cases,  to 
roll  itself  up  after  the  manner  of  a  wood-louse  or  hedgehog,  llie  thorax 
is  usually  strongly  trilobed,  and  each  thorax-ring  shows  the  same  triloba- 
tion,  being  composed  of  a  central,  more  or  less  strongly  convex,  portion, 
called  the  "axis,"  and  of  two  flatter  side-lobes,  called  the  *' pleurae." 

The  "pygidium,"  or  *'tail,"  is  usually  trilobed  also,  and,  like  the 
thorax,  consists  of  a  median  axis  and  of  a  marginal  limb,  the  composition 
of  the  whole  out  of  anchylosed  segments  being  shown  by  the  existence  of 
axial  and  pleural  grooves. 

Division  C.  Merostomata. — The  members  of  this  group 
are  Crustaceans,  often  of  gigantic  size,  in  which  the  mouth  is 
furnished  with  mandibles  and  maxillae,  the  terminations  of 
which  become  walking-  or  swimming-feet,  and  organs  of  pre- 
hension. Two  orders  are  included  under  the  head  of  Merosto- 
mata^ — viz.,  the  recent  King-crabs  (Xiphosura)  and  the  extinct 
Eurypterids.  By  Professor  Claus  these  orders  are  regarded  as 
forming  a  special  division  of  Arthropods,  with  relationships  to 
the  Arachnida,  to  which  he  applies  the  name  of  Gigantostraca. 
Professor  Ray  Lankester  has  also  shown  that  there  are  various 
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remarkable  features  of  relationship  between  Limulus  and  the 
Scorpions ;  and  the  same  point  has  been  brought  out  by  Van 
Beneden  from  his  researches  into  the  development  of  the 
King-crabs. 

Order  I.  Xiphosura. — "  Crustacea  having  the  anterior  seg- 
ments welded  together  to  form  a  broad  convex  buckler^  upon  the 
dorsal  surf  cue  of  which  are  placed  the  compound  eyes  and  ocelli y 
the  former  sub-centrally ^  the  latter  in  the  centre  in  front.  The 
mouth  is  furnished  with  a  small  labrum,  a  rudimentary  metas- 
toma  and  six  pairs  of  ap- 
pendages. Posterior  seg- 
ments of  the  body  more  or 
less  free,  and  bearing  upon 
their  ventral  surfaces  a 
series  of  broad  lamellar 
appendages  ;  the  telson^  or 
terminal  segment,  ensi- 
form''  (Henry  Wood- 
ward). 

The  Xiphosura  include 
no  other  recent  forms 
than  the  Limuli  (King- 
crabs,  or  Horse  -  shoe 
Crabs).  They  are  dis- 
tinguished by  the  posses- 
sion of  six  pairs  of  chel- 
ate limbs,  placed  round 
the  mouth,  having  their 
bases  spinous,  and  offici- 
ating as  jaws.  The  an- 
terior portion  of  the  body 
is  covered  by  a  broad 
horse-shoe-shaped  buck- 
ler (fig.  194),  the  upper 
surface  of  which  bears  a 
pair  of  large  compound 
eyes  near  its  centre,  and 
a  second  pair  of  minute 
eyes  situated  close  to- 
gether in  front  The 
head-shield  consists  of 
six  amalgamated  seg- 
ments, and  on  its  lower  side  (fig.  195)  is  placed  the  apertiu-e  of 
the  mouth,  surrounded  by  six  pairs  of  limbs,  the  bases  of  the  last 
five  of  which  are  spinous,  and  officiate  as  jaws,  while  the  ter- 


Fig.  194. — Lintulus  ntoiuccanus,  viewed  from  the 
dorsal  aspect,  and  reduced  in  size. 
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minations  of  all  are  converted  into  nipping-claws  or  *'  chelae." 
The  first  pair  of  appendages  is  placed  in  front  of  the  mouthy 
and  has  been  regarded  as  representing  a  pair  of  antennae. 


Fig>  195.— Xiphosura.  Limulus  i^fyphe- 
ntus,  viewed  from  below,  c  The  ce* 
phalic  shield  carrying  the  sessile  e3res 
upon  its  upper  surface ;  <?  **  Opercu- 
lum/' covenns  the  reproductive  organs ; 
b  Branchial  plates :  a  First  pair  of  an- 
tennae  (antennules)  ending  in  chelae. 
Below  these  is  the  aperture  of  the  mouth, 
surrounded  by  the  spiny  bases  of  the  re- 
maining five  pairs  ot  appendages,  which 
are  r^utled  by  Woodward  as  being  re- 
spectively, from  before  backwards,  the 
great  antennae,  the  mandibles,  the  first 
maxillae,  the  second  maxillx,  and  a  pair 
of  maxillipedes.  All  have  their  extremi- 
ties chelate. 


Fig.  Z96. — Eurypterida.  Ptttygoius  An- 
glicus,  restored  (after  H.  Woodward). 
e  c  Chelate  antennae  \  o  o  Eyes  situated 
at  the  anterior  margm  of  the  carapace  : 
fH  m  The  mandibles,  and  the  first  and 
second  maxillae ;  n  n  I1ie  maxillipedes— 
the  basal  margins  of  these  are  serrated, 
and  are  drawn  as  if  seen  through  the  me- 
tastoma  or  jMst-oral  plate,  whidi  serves 
as  a  lower  lip.  Immediately  behind  this 
is  seen  the  operculum  or  tnoradc  plate 
which  covers  the  two  anterior  thonuac 
somites.  Behind  this  are  five  thonunc 
and  five  abdominal  somites,  and  lastly 
there  is  the  telson  (/). 


Behind  the  cephalic  buckler  comes  a  second  shield,  composed 
of  eight  amalgamated  abdominal  segments,  and  movably  artic- 
ulated to  the  hinder  margin  of  this  is  a  long  sword-like  anal 
spine  or  "  telson."  On  the  under  side  of  the  abdominal  shield 
are  carried  five  pairs  of  lamellar  appendages,  to  a  large  extent 
concealed  beneath  a  broad  lamellar  plate  or  "  operculum  "  (fig. 
195*  ^)>  which  protects  the  openings  of  the  reproductive  oigans. 
The  abdominal  appendages  are  used  in  swimming,  and  also 
carry  delicate  closely-set  leaf-like  organs  which  act  as  gills. 
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The  circulatory  system  of  Litnulus  is  of  a  very  high  type, 
thoagh  the  heart  is  tubular.  The  venous  blood,  instead  of 
being  contained  in  the  mere  interspaces  and  lacunae  between 
the  tissues,  is  to  a  large  extent  confined  within  proper  vessels. 
A  remarkable  peculiarity,  also,  is  that  the  ventral  nerve-cord 
is  enclosed  within  the  abdominal  artery,  and  most  of  the  nerves 
are  similarly  ensheathed  within  the  arteries. 

The  eggs  of  Litnulus  are  laid  in  the  sand,  and  are  fertilised 
by  the  male.  Just  prior  to  the  time  of  hatching,  six  segments 
can  be  recognised  in  the  cephalothorax ;  the  abdomen  consists 
of  nine  well-marked  somites  j  the  bases  of  the  legs  are  hardly 
spinose;  and  the  abdominal  spine  is  quite  rudimentary.  In 
this  stage  (fig.  197),  the  larva  closely  resembles  some  of  the 
Trilobites,  such  as  Trinucieus.  After 
hatching,  the  previously  existing  seg- 
mentation is  soon  obliterated,  and, 
three  or  four  weeks  later,  the  telson 
assumes  the  ensiform  shape  char- 
acteristic of  the  adult 

As  regards  their  distribution  in 
spacey  there  are  only  two  recent 
species  of  Litnulus^  of  which  one 
(Z.  moluccanus)  is  confined  to  the 
Mala3ran  Archipelago  and  the  east- 
em  shores  of  Asia,  while  the  other 
(Z.  Polyphemus)  is  restricted  to  the 
eastern  coasts  of  North  America.  Fig.  197.— Larva  of  Umuhu  on 
They  sometimes  attain  a  length  of  S?te.f ""''^  *^^*'^'  ^'^' 
two  feet  or  more. 

As  regards  their  distribution  in  time^  species  of  Limulus 
have  been  recognised  in  rocks  as  old  as  the  Trias  or  Permian 
formation ;  while  the  remains  of  various  allied  types  {Neo- 
limulus y  Belinurus,  Euproops^  Prestivichia,  &c.)  are  known  in 
Palxozoic  strata,  beginning  in  the  Silurian  period. 

Order  II.  Eurypterida. — *^  Crustacea  with  numerous  free^ 
thoradoHibdominal  segments^  the  first  and  second  (/)  of  which 
bear  one  or  more  broad  lamellar  appendages  upon  their  ventral 
surface^  the  remaining  segments  being  devoid  of  appendages  ;  an- 
terior rings  united  into  a  carapace,  bearing  a  pair  of  larval  eyes 
{ocelli)  near  the  centre,  and  a  pair  of  large  marginal  or  sub- 
central  eyes :  the  mouth  furnished  with  a  broad  post-oral  plate, 
or  metastoma,  and  five  pairs  of  movable  appendages,  the  posterior 
of  which  form  great  swimming-feet :  the  telson,  or  terminal 
segment,  extremely  variable  inform  ;  the  integument  characteristi- 
cally sculptured''  (Henry  Woodward). 
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The  Eurypierida  are  all  extinct,  and  are  entirely  confined 
to  the  Palaeozoic  period,  the  genera  Pterygotus^  Eurypterus^  and 
Slimonia  being  characteristic  types.  Many  of  them  attained 
to  a  comparatively  gigantic  size ;  Pterygotus  Anglicus  (fig.  196) 
being  supposed  to  have  reached  a  length  of  probably  six  feet. 
In  their  characters  they  present  many  larval  features,  resem- 
bling the  larvae  of  the  Decapoda^  especially,  in  the  fact  that  all 
the  free  somites  of  the  abdomen  (except  the  two  anterior  ones) 
were  totally  devoid  of  appendages.  The  oldest  examples  of 
the  order  are  found  in  the  Ordovician  rocks. 


CHAPTER  XXX. 

MALACOSTRACA. 

Sub-class  III.  Malacostraca  {Tkoracipoda,  Woodward). — 
The  Crustacea  of  this  sub-class  are  distinguished  by  the  pos- 
session of  a  generally  definite  number  of  body-segments ;  seven 
somites  going  to  make  up  the  thorax,  and  an  equal  number 
entering  into  the  composition  of  the  abdomen  (counting,  that 
is,  the  telson  as  a  somite).  The  Malacostraca  are  divided  into 
two  primary  divisions,  termed  respectively  the  Hedriophihai- 
tnata  and  the  Podophthalmata,  according  as  the  eyes  are  sessile 
or  are  supported  upon  eye-stalks. 

Division  A.  Hedriophthalmata. — This  division  comprises 
those  Malacostraca  in  which  the  eyes  are  sessile,  and  the  body 
is  mostly  not  protected  by  a  carapace.  It  comprises  the  two 
orders  of  the  Isopoda  and  Amphipoda,  The  eyes  are  gener- 
ally compound,  but  sometimes  simple,  and  are  placed  on  the 
sides  of  the  head.  The  head  is  almost  always  distinct  from 
the  body,  and  the  mandibles  are  often  furnished  with  a  palp. 
Typically  there  are  seven  pairs  of  feet  in  the  adult,  hence  this 
division  has  been  called  Tetradecapoda  by  Agassiz.  In  certain 
Isopods  (Tanais)  alone  is  there  a  carapace. 

Order  I.  Amphipoda. — The  members  of  this  order  are 
Crustaceans,  mostly  of  small  size,  in  which  the  body  is  later- 
ally compressed^  and  the  thorax  consists  of  seven  segments^  carry- 
ing seven  pairs  of  legs.  The  abdomen  is  mostly  well  developed^ 
and  consists  of  seven  segments.  The  gills  are  lamellar  or  vesicu- 
lar^ and  are  ctttached  to  the  basal  joints  of  the  thoracic  legs. 
The  seven  pairs  of  thoracic  limbs  are  directed  partly  forwards 
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and  partly  backwards.     It  is  from  this  latter  circumstance  that 
the  name  of  the  order  is  derived. 
In  the  typical  Araphipods  the  head  is  sharply  separate  from 


Fig.  198. — Amphipoda.    A,  Talitrus  Ivcustaj  the  "  Sand-hopper,"  enlarged.     B,  G^mt' 
marus  locusta^  enlarged  about  four  times.    (After  Spence  Bate  and  Westwood.) 

the  first  thoracic  segment.  The  three  hindmost  pairs  of  ab- 
dominal limbs  are  bent  backwards,  and  form,  with  the  telson, 
a  natatory  or  saltatorial  tail.  Respiration  is  carried  on  by 
delicate  lamellae  attached  to  the  bases  of  the  thoracic  legs. 
The  heart  has  the  form  of  a  long  tube  extending  through  the  six 
s^ments  following  the  head,  and  having  the  blood  admitted 
to  its  interior  by  three  pairs  of  valvular  fissures.  One  of  the 
pairs  of  thoracic  legs  of  the  male  may  be  converted  into 
powerful  prehensile  "claspers,"  and  the  females  carry  about 
the  ^s  in  an  incubatory  pouch  formed  by  plates  attached  to 
the  bases  of  the  thoracic  legs. 

In  the  group  of  small  Crustaceans  to  which  the  name  of 
Lamadtpoda  has  been  given,  the  general  structure  is  much  the 
same  as  in  the  typical  Amphipods,  but  the  first  thoracic  ring 
is  fused  with  the  head,  and  the  first  pair  of  legs  thus  appear 
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to  spring  from  the  under  side  of  the  head,  or,  as  it  were, 
beneath  the  throat  (fig.  199).  Hence  the  name  of  Lamo- 
dtpoda.     In  these  forms  also  the  abdomen  is  rudimentary,  and 


Fig.  199. — Laemodipoda.     Caprelia  lobata.,  enlarged  about  six  times. 
(After  Spence  Bate  and  Westwood.) 

the  respiratory  organs  are  in  the  form  of  membranous  vesicles 
attached  to  the  third  and  fourth  thoracic  segments. 

The  Amphipods  have  a  world-wide  distribution,  inhabiting 
both  fresh  and  salt  water,  or  sometimes  living  inland.  The 
most  familiar  types  of  the  order  are  the  Sand-hoppers  and 
Shore  -  hoppers,  and  the  Gammari.  The  common  Sand- 
hopper  (Talitrus  locusta,  fig.  198,  A)  is  found  everywhere  on 
European  coasts,  burrowing  in  moist  sea-weed  or  in  sand 
between  tide-marks.  They  move  by  means  of  leaping,  as  do 
the  very  similar  Shore  -  hoppers  {Orchestia),  The  Gammari 
are  fouhd  both  in  fresh  and  salt  water,  the  "Fresh-water 
Shrimp"  (Gammarus  pukx^  fig.  198,  B)  of  our  pools  and 
streams  being  a  familiar  example.     They  swim  on  their  side. 

The  commonest  British  representatives  of  the  Lamodipoda 
are  the  "  Spectre  -  shrimps  "  {Caprelia^  fig.  199),  which  axe 
found  upon  zoophytes  in  rock-pools  or  in  shallow  water. 
Another  curious  type  of  this  group  is  the  Whale-louse  {Cyamus 
ceii)j  which  is  parasitic  on  the  skin  of  Cetaceans. 

There  are  various  fossil  representatives  of  the  Amphipoda^ 
of  which  the  oldest  is  the  somewhat  doubtful  Necrogammarus 
of  the  Silurian. 

Order  II.  Isopoda. — In  this  order  the  head  is  always 
distinct  from  the  segment  bearing  the  first  pair  of  feet.  The 
respiratory  organs  are  not  thoracic^  as  in  the  preceding  order, 
but  are  attached  to  the  inferior  surface  of  the  abdomen^  and  con- 
sist of  leaf  like  branchia,  which  in  the  terrestrial  species  are 
protected  by  plates  which  fold  over  them.     The  thorax  is  com- 
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posed  of  seven  segments^  bearing  typically  seven  pairs  of  limbs, 
which,  in  the  females,  have  marginal  plates,  attached  to  their 
bases,  and  serving  to  protect  the  ova.  The  number  of  seg- 
ments in  the  abdomen  varies,  but  is  never  more  than  seven. 
The  abdominal  segments  are  coalescent,  and  form  a  broad 
caudal  shield,  beneath  which  the  branchiae  are  carried  (fig. 
200,  A).     The  heart  is  sometimes  an  elongated  tube,  with 


Fig.  300. — Isopoda.  A,  Idotea  entomon^  enlarged  ;  B,  A  returns  iongicomis,  enlarged; 
C,  Servlis  Scytkei:  an  Antenna: ;  a  Antennules.  (After  Gerstaecker,  Spence  Bate 
and  Westwood,  and  LQtken.) 

three  pairs  of  fissures  (as  in  the  Amphipoda\  sometimes  short 
or  spherical,  removed  towards  the  abdomen,  and  with  more 
or  fewer  fissures  than  the  above.  The  young  Isopod  is 
developed  within  a  larval  membrane,  and  is  destitute  of  ap- 
pendages. After  a  time  this  membrane  bursts,  and  liberates 
the  young,  which  resembles  the  adult  in  most  respects,  but 
possesses  only  six  instead  of  seven  pairs  of  limbs.  Of  the 
members  of  this  order,  many  are  aquatic  in  their  habits,  and 
are  often  parasitic,  but  others  are  terrestrial. 

Of  the  numerous  groups  of  the  Isopods,  one  of  the  most  characteristic  is 
that  represented  by  the  common  marine  genus  Idotea  (fig.  2CX),  A),  in- 
cluding the  so-called  "Box-slaters."  The  branchiae  are  carried  in  this 
genus  under  a  long  abdominal  shield,  and  are  protected  by  an  operculum 
developed  from  the  last  pair  of  abdominal  feet.  An  allied  type  is 
Arcturus  (fig.  200,  B),  in  which  the  body  is  cylindrical,  and  the  young  are 
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carried  about  by  the  parent  attached  to  the  very  long  antennae.  Related 
to  the  preceding  are  the  Water-slaters  {Asellus)  of  ponds  and  lakes  ;  and 
in  the  neighbourhood  of  this  must  be  placed  the  singular  Limnoria  tere- 
brans ^  well  known  for  the  destruction  which  it  produces  by  boring  into  the 
wood-work  of  piers  and  other  structures  placed  in  the  sea. 

Another  group  is  that  of  the  Fish-slaters  {^Cynwtkoida\  in  which  there 
is  generally  a  wide  abdomen.  Cymothoa  itself  is  parasitic  upon  Fishes ; 
but  the  remarkable  genus  Serolis  (fig.  200,  C)  comprises  free-living  forms, 
which  have  a  curious  resemblance  in  shape  to  the  Trilobites.  These  forms 
are  marine,  as  likewise  are  the  Bullet-slaters  (SpAaroma),  which  have  the 
power  of  rolling  themselves  up  into  a  ball. 

The  family  of  the  Bopyrida  includes  a  number  of  Isopods  which  live 
parasitically  in  the  gill-chambers,  or  attached  to  the  ventral  surface,  of 
certain  of  the  Deca|^  Crustaceans,  such  as  the  Shrimps  and  the  Prawns. 
A  very  exceptional  type  is  represented  by  the  Cheliferous  Slaters  ( Tanais\ 
in  which  (as  in  no  other  Isopods)  a  carapace  is  present,  the  lateral  parts  of 
which  are  highly  vascular,  and  serve  as  respiratory  organs,  while  the 
abdominal  feet  are  used  in  swimming,  and  have  no  branchial  function. 

The  only  other  family  of  the  Isopods  which  need  be  mentioned  is  that 
of  the  Wood-lice  and  Rock-slaters  (Oniscida),  In  this  group  the  endopo- 
dites  of  the  abdominal  feet  are  branchial,  while  the  exopodites  act  as 
opercula  to  these.     The  Wood-lice  {Oniscus,  fig.  201)  are  terrestrial  in 

their  habits,  but  live  in  places 
where  the  air  is  moist.  The 
nearly  allied  genus  Armadillc 
has  the  power  of  rolling  itself 
into  a  ball,  and  presents  the 
curious  feature  that  the  opercula 
of  the  anterior  abdominal  limbs 
are  provided  with  internal  air- 
chambers.  Lastly,  the  common 
Rock-slaters  {Ligia)  live  among 
stones  between  tide-marks. 

Many  Isopods  undergo  an  ex- 
tensive metamorphosis.  **  In 
some  Fish-lice  (Cymothca)  the 
young  are  lively  swimmers,  and 
the  adults  are  stiff,  heavy,  stupid 
fellows,  whose  short  clinging  feet 
are  capable  of  little  movement." 
In  the  Bopyrida  the  adult  fe- 
males are  usually  blind,  the  an> 
tennae  are  rudimentary,  and  the  abdominal  appendages  from  natatory  be- 
come respiratory  organs.  The  males,  on  the  other  hand,  are  dwarfed,  and 
sometimes  lose  all  the  abdominal  appendages,  and  all  traces  of  segmenta- 
tion; until  we  get  forms  which,  like  Cryptoniscus  planarioides,  "would 
be  regarded  as  a  Flat-worm  rather  than  an  Isopod,  if  its  eggs  and  3roung 
did  not  betray  its  Crustacean  nature  "  (Fritz  Miiller). 


Fig.  90X.— Isopoda.   Wood-lice  (<?iM*f«f),  twice 
the  natural  size. 


Division  B.  Podophthalmata. — ^The  members  of  this  divi- 
sion have  compound  eyes  supported  upon  movable  stalks  or 
peduncles,  and  the  body  is  always  protected  by  a  cephalo- 
thoracic  carapace.  Most  of  the  Podophthalmata  pass  througli 
Zoea-stages  in  their  development.    The  division  comprises  th^ 
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three  orders  of  the  Stomatopoda,  SchizopodOy  and  Decapoda^  of 
which  the  last  includes  the  most  highly  organised  and  most 
familiar  examples  of  the  class  Crustacea, 

Order  I.  Stomatopoda  (or  Stomapoda). — The  Crusta- 
ceans of  this  order  have  a  short  cephalothoracic  carapace^  which 
does  not  protect  the  hinder  segments  of  the  thorax.  There  are  Jive 
pairs  of  maxiilipedes,  and  three  pairs  of  thoracic  legs.  The 
bronchia  are  not  enclosed  in  a  cephalothoracic  gill-chamber  on 
each  side,  but  are  in  the  form  of  tufts  attached  to  the  abdominal 
feet.  The  possession  of  pedunculate  eyes  distinguishes  the 
Stomatopoda  from  the  preceding  orders  of  Crustaceans.  The 
development  has  not  yet  been  thoroughly  investi^ted. 

The  only  group  of  Crustaceans  now  included  in  this  order 
is  that  of  the  "Locust  Shrimps"  (S^uilla,  fig.  202),  all  the 
species  of  which  are  inhabitants 
of  the  sea.  In  the  Squillce  the 
carapace  is  small,  and  does  not 
cover  the  posterior  half  of  the 
thorax.  The  eyes  and  antennae 
are  attached  to  a  somite  which  is 
not  soldered  to  the  cephalothorax. 
The  branchiae  are  attached  to  the 
first  five  pairs  of  abdominal  feet. 
The  three  posterior  thoracic  and 
the  abdominal  appendages  are  in 
the  form  of  "  swimmerets,"  and 
the  tail  is  expanded  into  a  power- 
ful fin. 

The  Stomatopoda  are  doubtfully 
represented  by  fossil  forms  in  the 
Carboniferous  rocks ;  but  unques- 
tionable examples  of  the  order  ap- 
pear in  the  Jurassic  formation. 

Order  II.  Schizopoda — This 
order  has  been  established  for  the 
Opossum  Shrimps  {Mysis)  and 
their  allies,  including  a  number 
of  small  Crustaceans,  which  are  in 
many  respects  intermediate  be- 
tween the  Stomatopoda  and  the 
JDecapoda,  but  are  upon  the  whole  most  nearly  related  to  the 
latter.  In  the  Crustaceans  of  this  order,  the  thoracic  limbs 
are  eight  on  each  side^  and  are  provided  each  with  an  exopodite 
and  endopodite  (fig.  203),  the  exopodites  being  natatory  in  func- 
tion.    A  cephalothoracic  shield  is  present^  and  there  is  usually 


Fig.  302. — Squilla  mantUy  the  Locust 
Shrimp. 


358 


MANUAL  OF  ZOOLOGY. 


only  a  single  pair  of  maxiliipedes.  The  gills  are  attached  to 
the  thoracic  legs,  or,  exceptionally,  to  the  abdominal  feet  The 
oiut  are  carried  beneath  the  thorax  of  the  female,  usuaUy  in  a 
marsupial  pouch  formed  by  Uaflike  plates  produced  from  the 

bitses  of  the  legs  (fig.  203,  «)•    .  ^  ^  ^        ,    _  ,   .    ^u 

The  Schizopods  are  distinguished  from  the  Decapods  by  the 


ri«  103.—"  Opossum  Shrimp"  (Mysls  ocuiaia),    m  Marsupial  pouch. 
'^**  (After  G.  O.  Sars.) 

V^^nscr  number  of  the  thoracic  limbs,  and  by  the  fact  that  these 
^,*:>endages  have  well-developed  exopodites,  as  well  as  by  the 
t;^'ot  that  the  gills  are  not  carried  in  branchial  chambers  formed 
hv  a  downward  prolongation  of  the  sides  of  the  carapace.  In 
Sfysis  and  its  allies  true  branchiae  are  wanting.  With  the 
single  exception  of  the  Mysis  relicta  of  the  great  lakes  of 
Sweden  and  North  America,  all  the  Schizopods  are  inhabit- 
ants of  the  sea,  extending  their  range  to  considerable  depths. 
No  undoubted  fossil  examples  of  the  order  have  been  yet 
discovered. 

Order  IIL  Decapoda. — The  members  of  this  order  are 
the  most  highly  organised  of  all  the  Crustacea,  as  well  as  being 
those  which  are  most  familiarly  known,  the  Lobsters,  Crabs, 
Shrimps,  &c.,  being  comprised  under  this  head.  For  Uie  most 
part  they  are  aquatic  in  their  habits,  and  they  are  usually  pro- 
tected by  strong  resisting  shells.  There  is  always  a  com- 
plicated set  of  "gnathites,"  or  appendages  modified  for  masti- 
catory purposes,  surrounding  the  mouth.  The  ambulatory  feet 
are  made  up  of  Jive  pairs  of  legs  (hence  the  name  of  the  order)  ; 
the  first  pair — and  often  some  other  pairs  behind  this — being 
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"  chdaie^^  or  having  their  extremities  developed  into  nipping-claws. 
The  branchia  are  pyramidal,  and  are  contained  in  cavities  at  the 
side  of  the  thorax.  The  carapace  is  large,  covering  the  head  and 
thorax  and  the  anterior  part  of  the  abdomen.  The  heart  of  the 
Decapoda  is  in  the  form  of  a  more  or  less  quadrate  sac,  fur- 
nished with  three  pairs  of  valvular  openings.  As  regards  the 
development  of  the  Decapods  enormous  differences  obtain, 
even  amongst  forms  very  closely  allied  to  one  another. 

The  Decapoda  are  divided  into  three  tribes,  termed  respec- 
tively the  Macrura,  Anomura,  and  Brachyura,  and  charac- 
terised by  the  nature  of  the  abdomen. 

Tribe  A.  Macrura. — The  "long-tailed"  Decapods  included 
in  this  tribe  are  distinguished  by  the  possession  of  a  well- 
developed  abdomen,  often  longer  than  the  cephalothorax,  the 
posterior  extremity  of  which  forms  a  powerful  natatory  organ 
or  caudal  fin.  As  regards  the  development  of  the  Macrura, 
most  appear  at  first  in  the  form  of  "Zoeae";*  but  there  is 
little  metamorphosis  in  the  common  Lobster,  and  there  is  said 
to  be  none  in  the  Cray-fish  (Astacus  fluviatilis),  Fritz  Miiller, 
again,  has  shown  that  the  primitive  form  of  one  of  the  Shrimps 
(Penaus)  is  that  of  a  "  Nauplius."  Lastly,  the  young  of  the 
Spiny  Lobster  {Palinurus  vulgaris)  are  transparent  Phyllosomee, 
resembling  Stomatopods  in  appearance. 

One  of  the  most  typical  forms  of  the  Macrurous  Decapods 
is  the  common  Lobster  {Homarus  vulgaris),  the  general  ana- 
tomy of  which  has  been  already  briefly  described.  The  young 
of  the  Lobster  when  hatched  are  in  many  respects  like  the 
adult,  but  the  thoracic  legs  have  natatory  exopodites  (as  is 
permanently  the  case  in  the  Schizopods),  and  there  are  no 
abdominal  appendages.  The  "  Spiny  Lobsters  "  {Palinurus) 
have  the  carapace  prickly,  and  none  of  the  thoracic  legs  have 
true  chelae,  the  first  alone  having  rudimentary  pincers.  The 
"Norway  Lobster"  {Nephrops),  on  the  other  hand,  has  the 
great  chelae  of  exceptional  length.     The  Prawns  (Palamon) 

•  The  young  Decapod,  in  most  cases,  leaves  the  egg  in  a  larval  form  so 
different  to  the  adult  that  it  was  originally  described  as  a  distinct  animal 
under  the  name  oi  Zoea,  In  this  stage  (fig.  208)  the  thoracic  segments 
with  the  five  pairs  of  legs  proper  to  the  adult  are  either  wanting  or  are 
quite  rudimentary.  The  abdomen  and  tail  are  without  appendages,  and 
the  latter  is  composed  of  a  single  piece.  The  foot -jaws  are  m  the  form  of 
natatory  forked  feet,  and  the  mandible  has  no  palp.  Lastly,  there  are 
no  branchiae,  and  respiration  is  carried  on  by  the  lateral  parts  of  the  cara- 
pace. The  **Zoea"  is  separated  from  the  "Nauplius'  by  having  a  seg- 
mented body,  large  paired  eyes  (sometimes  with  a  median  eye),  and  a 
carapace.  The  form  proper  to  the  adult  is  not  attained  until  after  several 
moults,  constituting  a  genuine  metamorphosis,  though  one  which  is  eflfected 
by  very  gradual  stages. 
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and  Shrimps  (Crangon)  are  other  common  types  of  the  marine 
Macrura,  The  fresh-water  forms  of  the  Macrurous  Decapods 
are  commonly  known  as  Cray-fish.  The  common  European 
Cray-fish  {Astacusfluviatilis^  fig.  204)  is  in  all  essential  respects 


Fig.  90^. — The  common  Cray-fish  {Asttuus^uvi- 
atih's\  viewed  from  below,  a  Antennules;  d 
Antenns ;  c  E^'es ;  d  Opening  of  antennary 
gland ;  e  Last  pair  of  foot-jaws  ;yOne  of  the  great 
chelae :  g-  Fiftn  thoracic  limb ;  A  Swimmerets : 
t  The  last  pair  of  swimmerets ;  j  The  opening 
of  the  anus  below  the  telson. 


#     ^ 


Fig.    305.  —  Gnathites  of  the 
ay -fish  '  ' 
tt'/ts),    a  Mandibles;  6  Max* 


't 


ray  •  fish  iAs/acMS  Jttnt'a- 


illae ;  c  Second  pair  of  max- 
illa:; d  First  pair  of  foot- 
jaws ;  e  Second  pur  of  foot- 
^aws  :  /  Third  pair  of  foot- 
jaws. 


similar  in  its  characters  to  the  common  Lobster,  but  the  last 
thoracic  segment  is  partially  free,  and  the  scale  which  repre- 
sents the  exopodite  of  the  great  antennae  is  of  comparatively- 
large  size ;  while  there  are  other  less  noticeable  structural  dif- 
ferences as  well.  The  Cray-fishes  of  North  America,  east  of 
the  Rocky  Mountains,  have  been  referred  by  Professor  Huxley 
to  a  separate  genus  {Cambarus).  In  the  Cray-fishes  of  the 
south  hemisphere  (Parastacidai)  the  first  abdominal  segment  is- 
destitute  of  any  appendage.  As  regards  their  development, 
there  does  not  seem  to  be  any  metamorphosis  properly  sa- 
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called  in  the  Cray-fishes,  the  young  when  hatched  difTering 
from  the  adult  in  minor  characters  only. 

Tribe  B.  Anomura. — The  Decapods  which  belong  to  this 
tribe  are  distinguished  by  the  condition  of  the  abdomen,  which 
is  neither  so  well  developed  as  in  the  Macrura^  nor  so  rudi- 
mentary as  in  Crabs.  The  last  pair  of  thoracic  limbs  are  re- 
duced in  size.  Further,  the  abdomen  does  not  terminate 
posteriorly  in  a  caudal  fin,  as  in  the  Lobster.  The  develop- 
ment in  the  Anomura  appears  invariably  to  take  place  through 
Zoea-forms. 

The  entire  group  of  the  Anomura  must  be  regarded  as  an 
artificial  assemblage,  composed  of  modified  forms  of  both  the 
Macrura  and  the  Brachyura, 

The  most  familiar  of  the  Anomura  are  the  Hermit-crabs 
{Pagurida),  In  the  common  Hermit-crabs  {Fagurus)  the  ab- 
domen is  quite  soft,  and  is  merely  enclosed  in  a  membrane, 
so  that  the  animal  is  compelled  to  protect  itself  by  adopting 
the  empty  shell  of  some  Mollusc,  such  as  the  common  Whelk, 
which  it  changes  at  will  when  too  small.  The  anterior  ab- 
dominal appendages  are  wanting,  but  rudimentary  feet  are 
developed,  often  on  one  side  only,  at  the  hinder  end  of  the 
abdomen,  and  by  means  of  these  the  animal  is  enabled  to 
retain  his  position  within  his  borrowed  dwelling.  One  of  the 
chelae  is  bigger  than  the  other,  and  acts  as  a  kind  of  stopper  to 
the  mouth  of  the  shell,  when  the  Hermit  is  withdrawn  within  it. 

Allied  to  the  Paguri  are  various  Hermits  which  are  ter- 


Fig.  906. — Hennit-crab  {CeenoHta)  in  its  borrowed  shell.    After  Morse. 

restrial  in  their  habits,  and  often  live  far  away  from  the  sea. 
Good  examples  of  these  Land-hermits  are  the  common  Cosno- 
bita  of  the  tropics  (fig.  206),  which  protect  themselves  within 
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the  shell  of  some  terrestrial  Mollusc.  The  Tree-crabs  {Bir- 
gus)  also  live  inland,  and  are  stated  to  climb  trees.  The 
"Plated  Lobsters"  {Galathea)  are  not  unlike  Cray-fish  in 
general  appearance,  but  the  last  pair  of  thoracic  legs  are  rudi- 
mentary. On  the  other  hand,  the  "Crab-lobsters"  {Forcel- 
lana\  and  the  "Stone- crabs"  {Lithodes)  have  the  abdomen 
bent  under  the  thorax,  and  thus  approach  the  true  Crabs  in 
general  aspect. 

Tribe  C.  Brachyura. — The  "short-tailed"  Decapods,  or 
Crabs,  are  distinguished  from  the  two  preceding  tribes  by  the 
rudimentary  condition  of  the  abdomen,  which  is  very  short, 
and  is  tucked  up  beneath  the  cephalothorax,  the  latter  being 
disproportionately  large.  There  is  no  caudal  fin,  and  there 
are  from  one  (males)  to  four  (females)  pairs  of  abdominal 
appendages,  which  are  employed  by  the  females  in  carrying 


Fig.  207. — Brachyura.    I'he  Spiny  Spider-crab  {Afaia  sguituulo). 

the  ova.  The  Crabs  (fig.  207)  are  mostly  furnished  with  atxi- 
bulatory  limbs,  and  are  rarely  formed  for  swimming,  most  of 
them  being  littoral  in  their  habits,  and  some  even  living  inlanci. 
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In  all  the  essential  points  of  their  anatomy  the  Crabs  do  not 
differ  from  the  Lobster  and  the  other  Macrura ;  but  they  are 
decidedly  higher  in  their  organisation.  This  is  especially  seen 
in  the  disposition  of  the  nervous  system,  the  ventral  ganglia 
in  the  Crab  being  concentrated  into  a  single  large  ganglion, 
from  which  nervous  filaments  are  sent  to  all  parts  of  the  body. 
In  the  Land-crabs  {Gecardnus)  respiration  is  by  branchiae,  but 
there  is  almost  always  an  aperture  behind  the  carapace  for 
the  admission  of  air.  They  are  distributed  over  the  warm 
countries  of  the  Old  and  New  Worlds,  as  well  as  Australia. 
They  are  essentially  terrestrial  in  their  habits,  and  migrate  in 
large  bodies  to  the  sea,  in  order  to  lay  their  eggs.  Besides 
the  true  Gecarcini^  members  of  other  very  different  families 
live  more  or  less  constantly  on  dry  land,  and  have  air  ad- 
mitted into  the  branchial 
chamber.  Amongst  these 
are  the  Calling-crabs  {Gela- 
simus)  and  the  Sand-crabs 
(Ocypoda). 

Reproduction  in  the 
Crabs  is  the  same  as  in 
the  Macrura,  but  the  larva 
is  exceedingly  unlike  the 
adult,  and  approximates 
closely  to  the  type  of  the 
Macrura,  another  proof 
that  the  Brachyura  stand 
higher  in  the  Crustacean 
scale.  The  larval  Crab  was 
originally  described  as  a 
distinct  animal,  under  the 
name  of  Zoea  (fig.  208), 
presenting  in  this  condition 
a  long  and  well-developed 
abdomen.  It  is  only  after 
several  successive  moults 
that  the  young  Crab  as- 
sumes its  characteristic 
Brachyurous  form,  and  ac- 
quires by  gradual  changes 
the  features  which  distin- 
guish the  adult  The  Zoea  of  the  Crabs  are  usually  dis- 
tinguished by  the  possession  of  long  spines  developed  from 
the  carapace.  When  first  liberated  from  the  egg,  the  Zoea  is 
enveloped  in  a  larval  skin  or  membrane,  which  is  shed  in  a 


Fig.  308. — Zoea  of  the  Spinv  Spider-crab 
{Maia  squiftado\  enlarged. 
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few  hours.  From  its  Zoea-stage,  the  young  Crab  passes  into 
what  is  known  as  the  "  Megalopa-stage."  In  this  phase  of  its 
development,  there  are  two  pedunculated  eyes,  the  cephalo- 
thorax  is  rounded,  and  the  proper  five  pairs  of  ambulatory 
limbs  are  present  The  abdomen  is  well  developed,  and  pro- 
jects backwards,  its  hinder  segments  being  furnished  with 
natatory  appendages.  At  its  final  moult  the  abdomen  be- 
comes tucked  up  underneath  the  cephalothorax.  Among  the 
Land-crabs,  the  young  of  Gecarcinus  appear  to  pass  through 
no  metamorphosis ;  but  in  some  of  the  Gccarcinida  the  larvae 
pass  through  Zoea-stages. 

Among  the  common  British  forms  of  the  Brachyura  are  the 
Shore-crab (CV7r«««5  mctncLs\  the  Edible CnXy  {Cancer pagurus\ 
the  Spider-crabs  {Maia  and  Hyas\  the  Swimming-crabs  {Par- 
tunus)^  and  the  Pea-crabs  {Pinnotheres).  These  last  live  as 
commensals  in  the  interior  of  the  Horse-mussel  and  other 
Bivalve  Molluscs. 

As  regards  the  distribution  of  the  Decapod  Crustaceans  in 
time^  the  Macrura  are  known  to  have  commenced  their  exist- 
ence as  early  as  the  Devonian  or  Carboniferous;  and  they 
attain  their  maximum  as  fossils  in  the  Mesozoic  period.  Little 
is  known  as  to  the  geological  distribution  of  the  Anomura.  A 
few  Brachyurous  forms,  more  or  less  problematical  in  their 
nature,  have  been  indicated  as  occurring  in  Palaeozoic  strata ; 
but  various  undoubted  Crabs  have  been  recognised  in  Mesozoic 
deposits,  and  the  tribe  is  well  represented  in  Tertiary  rocks. 
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CHAPTER    XXXL 

ARACHNID  A, 

Class  IL  Arachnida.  —  Tha  Arachnida  —  including  the 
Spiders,  Scorpions,  Mites,  &c.-f possess  almost  all  the  essen- 
tial characters  of  the  Crustacea,  to  which  they  are  very  closely 
allied.  Thus,  the  body  is  divided  into  a  variable  number  of 
somites,  some  of  which  are  always  provided  with  articulated 
appendages.  A  pair  of  ganglia  is  primitively  developed  in 
each  somite,  and  the  neural  system  is  placed  ventrally.  The 
heart,  when  present,  is  always  situated  on  the  opposite  side  of 
the  alimentary  canal  to  the  chain  of  ganglia.  The  respiratory 
organs,  however,  whenever  these  are  differentiated,  are  never 
in  the  form  of  branchiae  as  in  the  Crustacea^  but  are  in  the 
form  either  of  pulmonary  vesicles  or  sacs,  or  of  ramified  tubes, 
formed  by  an  involution  of  the  integument,  and  fitted  for 
breathing  air  directly.  Further,  there  are  never  more  than 
four  pairs  of  ambulatory  limbs,  and  no  locomotive  appendages 
are  developed  upon  any  of  the  abdominal  segments.  Antennae 
are  not  present  (as  such),  and  the  eyes  are  simple  and  sessile. 
The  head  and  thorax  are  united  to  form  a  cephalothorax  (the 
thoracic  segments  in  rare  cases  remaining  free),  and  in  some 
cases  the  cephalothorax  is  fused  with  the  abdomen. 

Speaking  generally,  therefore,  the  Arachnida  are  distin- 
guished from  the .  Crustacea  by  the  possession  of  four  pairs  of 
walking  legs,  the  want  of  locomotive  appendages  on  the  ab- 
domen, and  the  absence  of  antennae;  while  the  breathing- 
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organs  (when  differentiated)  are  adapted  for  breathing  air 
directly,  and  are  never  in  the  form  of  branchiae. 

In  many  of  the  Arachnida  the  integument  remains  soft  over 
the  entire  body ;  in  others,  as  in  the  majority  of  Spiders,  the 
abdomen  remains  soft  and  flexible,  whilst  the  cephalothorax 
is  more  or  less  hard  and  chitinous ;  in  the  Scorpions,  again, 
the  integument  over  the  whole  body  forms  a  strong  chitinous 
shell.  The  cephalothorax  may  be  segmented  {Solpugidai)^  and 
the  abdomen  may  or  may  not  be  segmented.  Though  four 
pairs  of  legs  are  typically  present,  the  first  is  often  regarded  as 
homologous  with  the  labial  palpi  of  the  Insecta, 

The  typical  somite  of  the  Arachnida  is  constituted  upon 
exactly  the  same  plan  as  that  of  the  Crustacea^  consisting  . 
essentially  of  a  dorsal  and  ventral  arc ;  the  former  composed 
of  a  central  piece,  or  "  tergum,"  and  of  two  lateral  pieces,  or 
"  epimera " ;  whilst  the  latter  is  made  up  of  a  median  "  ster- 
num "  and  of  two  lateral  "  episterna." 

As  regards  the  composition  of  the  cephalothorax  of  Spiders, 
"  the  tergal  elements  of  the  coalesced  segments  are  wanting, 
and  the  back  of  the  thorax  is  protected  by  the  elongation,  con- 
vergence, and  central  confluence  of  the  epimeral  pieces ;  the 
sternal  elements  have  coalesced  into  the  broad  plate  in  the 
centre  of  the  origins  of  the  ambulatory  legs,  from  which  it  is 
separated  by  the  episternal  elements.  .  .  .  The  non-develop- 
ment of  the  tergal  elements  explains  the  absence  of  wings " 
(Owen). 

The  mouth  is  situated,  in  all  the  Arachnida^  in  the  anterior 
segment  of  the  body,  and  is  surrounded  by  suctorial  or  mas- 
ticatory appendages.  In  the  higher  Arachnida^  the  mouth  is 
provided  from  before  backwards  with  the  following  appendages 
(fig.  209) :  I.  A  pair  of  "  chelicerae,"  "  falces,"  or  "  mandibles," 
used  for  prehension ;  2.  A  pair  of  "  maxillae,"  each  of  which 
is  provided  with  a  long  jointed  appendage,  the  "maxillary 
palp";  3.  A  lower  lip,  or  "labium."  In  the  Scorpion,  an 
upper  lip,  or  "labrum,"  is  also  present* 

In  the  lower  Arachnida^  the  organs  of  the  mouth,  though 
essentially  the  same  as  in  the  higher  forms,  are  often  enveloped 
in  a  sheath  formed  by  the  labium  and  maxillae,  whilst  the 

*  The  nomenclature  ordinarily  applied  to  the  parts  of  the  mouth  in  the 
Arachnida  is  a  misleading  one,  so  far  as  the  homologies  of  this  class  with 
the  Insecta  are  concerned.  Thus  the  so-called  "mandibles  "  are  really  the 
antenna  ;  the  "  mandibles  *'  themselves  are  absent,  but  the  "  chelae  "  of  the 
Scorpions  may  perhaps  represent  the  "  mandibular  palpi" ;  whilst  the  first 
pair  of  legs  probably  correspond  with  the  *^  labial  palpi^^  and  the  second 
pair  of  legs  may  possibly  be  a  modification  of  a  second  pair  of  palps. 
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mandibles  are  often  joined  together  so  as  to  constitute  a 
species  of  lancet 
With  regard  to  antennae,  these  organs,  <is  such^  do  not  exist 


Fig.  909.— A,  The  male  of  the  common  Hoase>Spider(7Vr)r«Ar/Vxm'//tf)t  considerably 
magnified  :  c  Front  portion  of  the  body,  consisting  of  the  amalgamated  head  and 
thorax ;  /  Maxillary  palpi ;  a  Abdomen.  B,  Front  portion  of  the  head  of  the  same, 
showing  the  eight  eyes  (/),  and  the  mandibles  («).  C,  Under  side  of  the  head  suid 
trunk,  snowing  the  maxillae  (m),  the  lower  lip  (i^  and  the  homy  plate  (f),  to  which 
the  legs  are  attached.  D,  Diagram  of  one  of  tne  air-chambers  or  pulmonary  sacs. 
(Figs.  A»  B,  and  C  are  after  Blackwall.) 

in  the  Arachnida,  It  is  generally  believed,  however,  that  the 
mandibles  of  the  Arachnida  are  truly  homologues,  not  of  the  parts 
which  bear  the  same  name  in  the  other  Arthropoda,  but  of  the 
antenna;  and  the  name  of  "falces"  is  thus  best  applied  to  them. 
The  antennae,  therefore,  of  the  Spiders  are  converted  into  pre- 
hensile and  offensive  weapons;  whilst  in  the  Scorpions,  as  in  the 
King-crabs,  they  are  developed  into  nipping-claws,  or  chelae. 

The  mouth  opens  into  an  oesophagus  (fig.  210,  <e\  into 
which  salivary  glands  pour  their  secretion,  and  this  conducts 
to  a  wider  portion  of  the  alimentary  canal,  which  is  usually 
spoken  of  as  the  "  stomach,"  and  which  has  appended  to  its 
sides  long  caecal  diverticula  (fig.  210,  s).    From  the  stomach 
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the  intestine  is  directed  backwards  to  its  termination  in  a  dilated 
"cloaca"  (fig.  210,  r),  without  the  intervention  of  any  convolu- 
tions. After  it  has  entered  the  abdomen,  the  intestine,  in  the 
higher  Arachnida^  receives  the  openings  of  a  number  of  ducts 
proceeding  from  a  well-developed  liver.  Lastly,  opening  into 
the  cloaca  are  tortuous  tubes  (fig.  210,  »j),  which  represent  the 
"Malpighian  tubes"  of  Insects, 
and  have  a  renal  function. 

The  circulation  in  the  Arachnida 
is  maintained  by  a  dorsal  heart, 
which  is  situated  above  the  ali- 
mentary canal,  and  is  wanting  in 
the  lower  forms.  Usually  the  heart 
is  greatly  elongated,  and  resembles 
the  "  dorsal  vessel "  of  the  Insecta, 
In  the  lower  Arachniday  however, 
there  is  no  central  organ  of  the 
circulation,  and  there  are  no  dif- 
ferentiated blood-vessels.  All  the 
Arachnida^  except  some  of  the  low- 
est, breathe  the  aur  directly,  and 
the  respiratory  function  is  per- 
fonned  by  the  general  surface  of 
the  body  (as  in  the  lowest  mem- 
bers of  the  class),  or  by  ramified 
air-tubes,  termed  "  tracheae,"  or  by 
distinct  pulmonary  chambers  or 
sacs  \  or,  lastly,  by  a  combination 
of  tracheae  and  pulmonary  vesicles. 
The  "tracheae"  consist  of  ramified 
or  ^sciculated  tubes,  opening  upon 
the  surface  of  the  body  by  distinct 
apertiures,  called  "stigmata."  The 
walls  of  the  tube  are  generally  pre-  ^teVlft^rTugS'  ^cEsopW 

vented   from    collapsing   by   means       gus,  with  the  cerebral  ganglion  (>) 
-  -  -  --  --  lying  upon  it;  x  Stomach,   with 

five  la 


lateral  caeca  on  each  side;  i 
First  part  of  the  intestine  where  it 
passes  through  the  peduncle  of  the 
abdomen;  t  Middle  portion  of  the 
intestine,  where  the  hepatic  ducts 


of  a  chitinous  fibre  or  filament, 
which  is  coiled  up  into  a  spiral, 
and  is  situated  beneath  the  epi- 
thelial lining.  The  pulmonary 
sacs,  or  "  tracheal  lungs,"  are 
simply  involutions  of  the  integu- 
ment,    abundantly    supplied    with 

blood  \  the  vascular  surface  thus  formed  being  increased  in 
area  by  the  development  of  a  number  of  close -set  mem- 
branous lamellae,  or  vascular  plates,  which  project  into  the 

2  A 
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interior  of  the  cavity.  Like  the  tracheae,  the  pulmonary  sacs 
communicate  with  the  exterior  by  minute  apertures,  or  "  stig- 
mata," and  they  are  to  be  regarded  as  being  simply  greatly 
expanded  tracheae. 

The  nervous  system  is  of  the  normal  articulate  type,  but  is 
often  much  concentrated.  Typically  there  is  a  cephalic  or 
"cerebral"  ganglion,  a  large  thoracic  ganglion,  and  often 
small  abdominal  ganglia.  In  some  of  the  lower  forms  the 
articulate  type  of  nervous  system  is  lost,  and  there  is  merely 
a  ganglionic  mass  situated  in  the  abdomen.  In  none  of  the 
Arachnida  are  compound  eyes  present,  and  in  none  are  the 
eyes  supported  upon  foot-stalks.  The  organs  of  vision,  when 
present,  are  in  the  form  of  from  two  to  eight  or  more  simple 
eyes,  or  "  ocelli." 

In  all  the  Arachnida^  with  the  exception  of  the  Tardigrada^ 
the  sexes  are  distinct  The  great  majority  of  the  Arachnida 
are  oviparous,  and  in  most  cases  the  larvae  are  like  the  adult 
in  all  except  in  size.  In  some  cases,  however  {Acanna\  the 
larvae  have  only  six  legs,  and  do  not  attain  the  proper  four 
pairs  of  legs  until  after  some  moults. 

Distribution  of  Arachnida  in  Time. — ^The  remains  of 
Arachnida  in  the  fossil  condition  are  necessarily  very  rare. 
The  earliest  known  types  belong  to  the  Scorpions,  and  have 
been  found  in  the  Silurian  rocks  (PaUzophonus),  In  the  Car- 
boniferous rocks  both  Scorpions  and  true  Spiders  are  found, 
the  former  being  represented  by  the  celebrated  Cyclophthal- 
mus  senior  from  the  Coal-measures  of  Bohemia,  and  by  the 
Eoscorpius  carbonarius  of  the  Carboniferous  strata  of  Illinois. 
Other  Carboniferous  Arachnida  have  been  referred  to  the 
genera  EophrynuSy  Architarbus^  and  Masonia,  Spiders  are 
also  known  to  occur  in  the  Jurassic  rocks  (Solenhofen  Slates) 
and  in  the  Tertiary  period.  The  Mites,  Harvest -spiders, 
and  Book-scorpions  have  been  detected  in  amber. 


CHAPTER    XXXn. 

DIVISIONS  OF  THE  ARACHNIDA, 

The  class  of  the  Arachnida  may  be  divided  into  the  following 
orders : — 

Order    I.    Podosomata    {Pantopoda    or    Pycnogpnida), — 
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Respiration  effected  by  the  general  surface  of  the  body  ;  locomotive 
lindfs  four  pairs  in*  nunAer^  elongated;  an  additional  pair  of 
^^ovigerous  legs*^  attached  to  the  head;  abdomen  rudimentary^ 
unsegmented;  sexes  distinct 

The  members  of  this  order,  sometimes  called  "  Sea-spiders," 
have  been  placed  alternately  amongst  the  Arachnida  and  the 
Crustacea^  their  true  position  being  rendered  doubtful  by  the 
fact  that,  though  marine  in  their  habits,  they  possess  no  dif- 
ferentiated respiratory  organs.  They  possess,  however,  no 
more  than  four  proper  pairs  of  legs,  and  would  therefore 
appear  to  be  properly  referable  to  the  Arachnida.  Accord- 
ing to  Dr  Dohm,  however,  the  embryo  is  naupliiform,  and 
this  would  support  a  reference  of  the  order  to  the  Crustacea, 

The  Pycnogonids  possess  a  body  of  four  segments,  of  which 
the  first  is  really  a  cephalothorax,  formed  by  the  fusion  of  the 
head  with  the  first  thoracic  segment.  This  carries  a  long 
proboscis,  at  the  end  of  which  is  the  suctorial  mouth.  The 
cephalic  region  carries  as  a  rule  three  pairs  of  appendages — 
viz.,  (i)  a  pair  of  "mandibles,"  representing  the  antennae; 
(2)  a  pair  of  palpi;  and  (3)  a  pair  of  leg-like  organs  which  are 
known  as  the  "ovigerous  legs."  These  last  are  used  by  the 
males  (and  exceptionally  by  the  females)  to  carry  the  ova,  but 
in  both  sexes  they  are  tactile  and  prehensile  organs.  The 
thoracic  portion  of  the  cephalothorax  and  the  three  free  seg- 
ments of  the  thorax  carry  four  pairs  of  long  eight -jointed 
legs  (fig.  211).  The  abdomen  is  quite  rudimentary,  and  is 
reduced  to  a  mere  tubercle,  at  the  end  of  which  the  anal 
opening  is  placed.  The  stomach  has  long  csecal  diverticula, 
which  are  prolonged  into  the  legs,  as  are  also  the  reproductive 
organs.  Respiration  is  effected  by  the  surface  of  the  body, 
the  chitinous  cuticle  having  numerous  cavities  which  com- 
municate with  the  exterior  by  minute  canals.  The  nervous 
system  consists  of  a  cerebral  ganglion  and  five  thoracic 
ganglia.  The  sexes  are  distinct,  and  the  larvae  as  a  rule  are 
at  first  devoid  of  the  four  pairs  of  locomotive  legs. 

The  commoner  forms  of  the  Podosomata  (such  as  Nymphon 
and  Pycnogonum)  may  be  found  on  the  sea-coast  at  low  water, 
crawling  about  amongst  marine  plants  or  hiding  beneath  stones. 
Some  species  of  the  latter  genus  are  parasitic  upon  fishes  and 
other  marine  animals,  but  the  common  British  species  {P,  lit- 
torale)  is  firee  when  adult,  and  does  not  appear  to  be  parasitic 
at  any  stage  of  its  existence.  The  Pycnogonids  rarely  range 
below  depths  of  500  fathoms,  but  some  of  the  species  from 
deeper  water  are  of  very  large  size,  one  form  measuring  a  foot 
or  more  across  the  extremities  of  its  limbs. 


372  MANUAL  OF  ZOOLOGY. 

Order  II.  Acarina  or  Monomerosomata. — The  mem- 
bers of  this  order  possess  an  unsegmented  abdomen  which  t's 
fused  with  the  cephalathorax  into  a  single  mass.    Respiration 


Fig.  2IZ. — Podosomata.    Nymphon  ahyssorum^  slightly  enlarged. 
(After  Sir  Wyville  Thomson.) 


is  effected  by  trachea^  or  by  the  integument.  Most  of  the 
Acarina  are  parasitic,  and  the  most  familiar  are  the  Mites 
and  Ticks. 

Sub-order  i.  Pentastomida  {Linguatulina), — The  members  of 
this  family  are  worm-like  parasites,  which  in  their  adult  state 
are  found  in  the  interior  of  the  frontal  sinuses,  the  nose,  or  the 
lungs  of  the  dog,  and  of  other  Vertebrate  animals.  When 
fully  grown  (fig.  212)  they  are  completely  vermiform,  with  a 
soft  annulated  integument,  and  possessing  no  external  organs 
except  two  pairs  of  retractile  hooks,  representing  limbs,  placed 
near  the  mouth.  The  adult  thus  presents  an  external  re- 
semblance to  the  TanuBy  from  which,  however,  they  are  separ- 
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ated  by  the  details  of  their  internal  organisation.     There  are 
no  differentiated  organs  of  respiration  or  circulation,  but  the 
sexes  are  distinct    The  larvae  (fig.  212,  B)  are  found  encysted 
in  the  liver  or  other  internal  or- 
gans  of  various  Vertebrates    (in- 
cluding   man),    and    possess   two 
pairs  of  articulated  limbs. 

The  best -known  type  of  this 
group  is  the  Pentasioma  tanioides 
(fig.  212),  of  which  the  male  is 
only  three-quarters  of  an  inch  or 
so  in  length,  while  the  female 
reaches  a  length  of  three  inches. 

The  larvae  live  in  the  liver  of 
the  rabbit  and  hare,  and  occasion- 
ally of  man,  in  an  encysted  state ; 
and  the  adult  is  found  in  the  nose 
and  frontal  sinuses  of  the  dog  and 
wolf. 

Sub -order  2.  Tardigrada  {Mac- 
robiotida  or  Arctiscd). — This  family 
comprises  the  so-called  "  Sloth  "  or 
"  Bear  Animalcules,"  which  are  mi- 
croscopic animals  found  in  damp 
moss  and  in  the  gutters  of  houses, 
or  in  a  few  cases  on  the  sea-beach 
(fig.  213,  B).  In  form,  the  body 
is  somewhat  vermiform,  with  four  pairs  of  short  rudimentary 
legs.  The  mouth  is  suctorial,  with  rudimentary  jaws  or  stylets. 
They  exhibit  no  traces  of  respiratory  or  circulatory  organs, 
and,  unlike  the  other  Arachnids,  they  have  the  sexes  united 
in  the  same  individual.  The  stomach  has  numerous  race- 
mose caeca  appended  to  it ;  and  the  head  bears  two  minute 
eyes.  The  Tardigrades  can  survive  desiccation,  and  will 
return  to  life  on  being  moistened. 

Sub-order  3.  Acarida, — In  this  family  are  the  Mites  and 
Ticks,  all  of  which  are  characterised  by  the  fusion  of  the 
cephalothorax  and  abdomen  into  a  single  mass  (fig.  214), 
while  the  mouth  is  formed  for  piercing  and  suction,  or  for 
biting.  Definite  respiratory  organs  are  sometimes  not  differ- 
entiated ;  but,  when  present,  they  are  in  the  form  of  tracheae. 
The  nervous  system  is  in  the  form  of  a  common  ganglionic 
mass  traversed  by  the  oesophagus.  No  dorsal  vessel  (heart)  is 
present.  The  young,  and  some  adult  forms,  are  hexapod. 
The  Mites  have  a  world-wide  distribution,  and  are  found  in 


^\s.  a  1 2.— A,  Pentasioma  tanioideSt 
female,  of  the  natural  sire ;  C,  Male 
of  the  same,  of  the  natural  sLce ; 
B,  Larva  of  the  same,  greatly  en- 
larged, showing  the  two  pairs  of 
articulated  limbs.  (After  Spencer 
Cobbold  and  Leuckart.) 
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all  sorts  of  situations.  Most  are  terrestrial  in  their  habits,  and 
a  great  many  are  either  parasites  on  animals,  or  live  on  the 
juices  of  plants.  Some  iforms  live  in  fresh  water  {Hydrachna\ 
and  a  few  types  {Thalassarachna^  Pontarachna^  &c),  inhabit 
the  sea,  while  some  of  the  Trombidida  live  between  tide- 
marks. 

The  typical  Mites  {7)n'oglyphida)  feed  upon  animal  or  vegetable  sub- 
stances, and  have  scissor-shaped  or  needle-shaped  mandibles  adapted  for 
biting.  A  good  example  is  the  common  Cheese-mite  ( Tyroglypkus  domes- 
ticus).  Certain  of  the  Mites  of  this  group  are  parasitic  in  their  habits, 
living  either  upon  the  skin  or  sometimes  within  the  body  of  various  ani- 
mals. One  of  the  best  known  of  these  is  the  Itch-mite  (Sarcoptes  scabiei, 
fig.  213,  C),  which  gives  rise  to  the  disease  known  as  the  "itch."    The 


Fig^  213.— A,  Demodex  foUiculorum.  greatly  magnified.  B,  Emydium  testudo^  one  of 
the  Tardigradaf  greatly  magnified.  C,  Sarco/tes  scabiei^  the  Itch-mite,  greatly 
magnified. 

females  of  the  Sarcoptes  live  in  little  tunnels  under  the  epidermis,  and  have 
the  two  anterior  pairs  of  limbs  terminated  with  suckers,  while  the  two 
hinder  pairs  end  in  bristles.  The  males  are  much  smaller  than  the 
females,  and  live  on  the  surface  of  the  skin.  Another  form  which  is 
parasitic  on  man  is  the  curious  Demodex  foUiculorum  (fig.  213,  A),  which 
IS  found  inhabiting  the  hair-follicles  and  sebaceous  glands,  especially  in  the 
vicinity  of  the  nose.  It  is  questionable  if  any  individuals  are  absolutely 
exempt  from  this  harmless  parasite,  and  allied  forms  attack  other  species 
of  Mammals. 

The  true  Ticks  (Ixodida)  have  a  leathery  and  very  distensible  skin  (fig. 
214,  B).  The  mandibles  are  protrusible,  serrated,  or  armed  with  curved 
hooks  (fig.  214,  C),  and  are  used  for  piercing.  The  Ticks  frequent  trees, 
bushes,  or  herbage,  and  attach  themselves  to  passing  animals,  into  the 
skin  of  which  they  bore  with  their  pointed  rostrum.  When  distended 
with  blood,  they  drop  off  from  their  temporary  host. 

The  Gamasiaa  (Spider-mites  or  Beetle-mites)  are  often  ecto-parasitic  on 
beetles  or  other  animals,  though  sometimes  leading  a  free  life.  The  Mite 
{Dermanyssns  avium)  which  causes  the  "itch  "  of  poultry,  belongs  to  this 
group,  as  do  some  allied  forms  which  live  on  Bats. 

The  Water-mites  {Hydrachnida)  have  fringed  legs  adapted  for  swim- 
ming, and  in  their  adult  state  usually  lead  a  free  life  in  water,  though 
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sometimes  parasitic  in  Bivalve  Molluscs.    The  larvae  are  hexapod,  with  a 
suctorial  mouth,  and  attach  themselves  as  parasites  to  Water-beetles  and 
other  aquatic  insects. 
The  Harvest-mites  and  Garden-mites  (Trombidida)  are  vegetable-feeders, 


Fig.  ai4. — Acarina.  A,  Tegeocranus  elottf^ust  enlarged  6k  times.  B,  Ixodes  ricinw, 
one  of  the  Ticks,  greatly  enlarged.  C,  MouthKMrgans  of  a  Tick  (Ixodes  altipictus\ 
enlarged :  /  Labium ;  m  Mandibles ;  mp  Maxillary  palpi.  (After  Michael, 
Packard,  and  Cuvier.) 

and  live  upon  plants,  the  juices  of  which  they  extract  by  their  suctorial 
mouths.  Other  forms,  however,  are  animal-feeders,  and  are  often  parasitic 
in  their  larval  stages.  The  common  Scarlet-mite  {Trombidium  holoseri- 
ceum)  is  a  good  example  of  this  group.  Lastly,  the  little  Mites  known  as 
the  B«Uced-mites  (Bdelltda)  have  the  front  part  of  the  head  constricted  off 
from  the  rest  of  the  body. 

Order  III.  Adelarthrosomata, — The  members  of  this 
order,  comprising  the  Harvest-spiders,  the  Book-scorpions,  &c., 
are  distinguished  from  the  preceding  by  the  possession  of  an 
c^dometiy  which  is  more  or  less  distinctly  segmented^  but  generally 
exhibits  no  line  of  separation  from  the  cephaloihorax^  the  two 
regions  being  of  equal  breadth  and  conjoined  together.  The  mouth 
is  furnished  with  masticatory  appendages^  and  respiration  is 
effected  by  trachece^  which  open  on  the  lower  surface  of  the  body 
by  two  or  four  stigmata. 

Sub-order  i.  Phalangidea, — The  well-known  "  Harvest-men  " 
belong  to  this  group.  They  are  characterised  by  the  great 
length  of  the  legs  (fig.  215,  B),  and  by  the  filiform  maxillary 
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palpi,  terminated  by  simple  hooks.  The  abdomen  and  cepha- 
lothorax  are  of  about  equal  width,  but  clearly  marked  off  from 
one  another,  and  the  former  is  segmented.  There  are  two  eyes, 
and  the  young  pass  through  no  metamorphosis.  The  Harvest- 
men  are  active  in  their  habits  and  live  upon  animal  food. 

Sub-order  2,  Pseudoscorpionidct  {Chelifcrida).  —  The  mem- 
bers of  this  little  group  are  readily  recognised  by  the  fact  that 
the  maxillary  palpi  (fig.  215,  A)  are  of  large  size,  and  are  con- 


Fig.  215.— A,  Cheli/er  ceutcroides^  showine  the  chelate  maxillary  palpi,  considerably  en- 
larged. B,  PhaioM^um  eopticum^  of  the  natural  size.  C,  Tkelyphonus  giganteus. 
D,  Galeodts  araneotdes^  of  the  natund  size. 

verted  into  nipping-claws  or  chelae,  thus  giving  the  animal  the 
appearance  of  a  Scorpion  in  miniature.  The  abdomen  is  seg- 
mented, but  there  is  no  "  post-abdomen,"  as  in  the  true  Scor- 
pions. Eyes  may  be  wanting,  and  the  under  surface  of  the 
abdomen  carries  a  small  spinning  -  organ.  The  "Book- 
scorpion  "  ( Chelifer)  is  commonly  found  in  old  books  and  in 
dark  places,  and  feeds  upon  insects.  Other  forms  are  parasitic 
on  Flies  and  Beetles. 

Sub-order  3.  Solpugidea. — In  this  family  (fig.  215,  D)  the 
abdomen  is  not  only  very  distinctly  segmented,  but  is  also 
clearly  separated  from  the  cephalothorax,  which  latter  region 
exhibits  the  remarkable  peculiarity  of  being  itself  distinctly 
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divided  into  a  hea4  and  three  separate  thoracic  segments. 
The  falces  or  mandibles  are  chelate,  and  of  immense  size; 
and  the  maxillary  palpi  constitute  long  feet.  The  front  of 
the  head  carries  two  eyes,  and  respiration  is  by  tracheae. 
Galeodes  may  be  considered  as  the  type  of  the  group,  all  the 
members  of  which  are  tropical  or  subtropical  in  their  range, 
and  are  nocturnal  and  carnivorous  in  habit 

Order  IV.  Pedipalpi. — Abdomen  segmented,  with  or  with- 
out a  ^^  post-abdomen.^*  Respiration  by  means  of  pulmonary  sacs. 
In  this  order  are  the  true  Scorpions,  together  with  certain  other 
animals  which  are  in  some  respects  intermediate  between  the 
Scorpions  and  the  true  Spiders.  The  members  of  this  order 
are  distinguished  by  the  fact  that  the  abdomen  in  all  is  dis- 
tinctly segmented,  but  is  not  separated  from  the  cephalothorax 
by  a  well-marked  constriction.  They  agree  in  this  character 
with  the  Adelarthrosomata ;  hence  the  two  are  sometimes 
united  into  a  single  order  {Arthrogastra\  but  they  are  sepa- 
rated by  the  nature  of  the  respiratory  organs,  the  latter  breath- 
ing by  tracheae,  and  not  by  pulmonary  sacs. 

Sttb'Order  i.  Scorpiodea,  —  This  group  includes  only  the 
true  Scorpions,  which  are  amongst  the  best  known,  as  well  as 
the  largest  of  living  Arachnida.  The  integument  in  the 
Scorpions  is  hardened  by  chitine  so  as  to  form  a  resisting 
exoskeleton,  and  the  cephalothorax  is  not  constricted  off  from 
the  abdomen,  this  latter  region  being  distinctly  segmented 
(fig.  216,  A).  The  cephalothorax  is  covered  above  by  a 
shield-like  or  ovate  plate,  which  bears  the  simple  eyes,  six, 
eight,  or  twelve  in  number,  of  which  two  large  ones  are  placed 
centrally,  while  the  remainder  are  marginal  (fig.  216,  B).  The 
mouth  opens  on  the  under  surface  of  the  head  in  front,  and  is 
furnished  anteriorly  with  an  upper  lip-plate  or  "  labrum."  The 
first  pair  of  appendages,  corresponding  with  the  "  falces  "  or 
"  mandibles  "  of  the  Spiders,  are  the  "  chelicerae,"  which  have 
the  form  of  short  pincers,  or  nipping-claws  ^fig.  216,  c). 
Behind  the  chelicerae  are  the  maxillae,  each  of  which  gives  rise 
to  an  immensely  developed  "maxillary  palpus,"  which  ends 
in  a  powerful  nipping-claw  or  chela  (fig.  216,  m).  Behind  the 
maxillae,  closing  the  aperture  of  the  mouth  posteriorly,  is  a 
lower  lip  or  "labium,"  which  is  partially  divided  into  two  by 
ar  longitudinal  groove,  and  is  thus  seen  to  represent  a  second 
pair  of  maxillae.  The  four  segments  following  the  labium 
carry  the  four  pairs  of  walking-legs.  The  first  seven  segments 
oi  the  abdomen  (constituting  the  "abdomen"  proper)  are 
approximately  equal  in  width  to  the  cephalothorax.  On  the 
under  surface  of  the  first  of  these  is  the  opening  of  the  repro- 
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ductive  organs,  protected  by  an  opercular  plate.  The  next 
segment  carries  inferiorly  a  pair  of  curious  serrated  comb-like 
organs  ("  pectines  "),  which  are  present  in  both  sexes,  but  the 
uses  of  which  are  unknown.  The  next  four  segments  exhibit 
the  oblique  openings  ("  stigmata  ")  of  the  puhnonary  sacs  (fig. 
216,  .f),  and  the  seventh  segment  presents  no  special  pecu- 


Fig.  ai6.— Pedipalpi.  A,  Scotfio  q/ier,  viewed  from  above,  and  somewhat  reduced  in 
sue.  B,  Front  portion  of  the  head  of  the  same,  viewed  from  above,  and  enlaT:ged. 
C,  Butkus  Kochiit  with  the  terminal  segments  and  the  ends  of  the  appendages  on 
one  side  omitted,  m  Maxillary  palpi  (behind  these  are  the  four  pairs  of  ambulatory 
legs) ;  c  Chelicerae ;  /  TeUon ;  o  Lateral  ocelli ;  <f  Central,  larger  ocelli ;  g  Opercular 
plate,  covering  the  openinj^  of  the  reproductive  organs ;  r  one  of  the  "  combs " ;  s 
One  of  the  stigmatic  openmgs.    (C  is  after  Prof.  Ray  Lankester.) 

liarity.  Following  the  proper  abdominal  segments  are  six 
narrow  somites,  which  constitute  the  "post-abdomen."  The 
last  of  these  is  swollen  at  its  base  and  hooked  at  its  point,  and 
contains  two  poison-glands,  the  secretion  of  which  is  dis- 
charged by  minute  apertures  at  the  sharp  apex  of  the  telson. 

As  regards  their  internal  anatomy,  the  Scorpions  present 
noticeable  peculiarities  as  regards  their  circulatory  and  respira- 
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tory  organs.  The  heart  is  long  and  tubular,  and  consists  of 
eight  chambers.  It  is  contained  in  a  "pericardial  sinus," 
similar  to  that  of  the  Lobster,  and  the  blood  is  admitted  to 
its  interior  by  a  valvular  slit  in  each  chamber.  The  heart 
drives  the  arterial  blood  through  the  arteries,  which  end  in 
capillaries,  and  the  veins  distribute  the  venous  blood  over  the 
respiratory  sacs,  the  vessels  from  which  pour  the  now  arterial- 
ised  blood  into  the  pericardial  sinus.  The  respiratory  organs 
are  in  the  form  of  four  pairs  of  respiratory  chambers  or  lung- 
sacs,  opening  on  the  under  surface  of  the  3d,  4th,  5th, 
and  6th  abdominal  segments  by  oblique  slit-like  "  stigmata." 
Each  lung-sac  has  the  form  of  a  compressed  sac,  the  wall  of 
which  is  thrown  into  a  number  of  closely-appressed  lamellar 
involutions  like  the  leaves  of  a  book,  over  which  the  venous 
blood  is  distributed  for  aeration. 

Some  of  the  smaller  Scorpions  are  found  in  Southern 
Europe,  but  the  larger  forms  are  natives  of  hot  coui^tries,  and 
may  reach  a  length  of  half  a  foot  or  more.  Their  sting  is  very 
severe,  but  rarely  fatal  to  man.  The  Scorpions  live  under 
stones  or  in  dark  crevices,  and  run  swiftly,  canying  the  tail 
curved  over  the  back.  They  feed  on  insects,  which  they  hold 
in  the  chelate  palpi,  and  sting  to  death. 

The  earliest-known  types  of  the  Scorpions  are  found  in  the 
Silurian  rocks,  and  these  extremely  ancient  forms  show  no 
fundamental  structural  differences  from  the  modem  represen- 
tatives of  the  group. 

Sub-order  2.  Phrynidea, — ^The  members  of  this  group  in 
external  appearance  closely  resemble  the  true  Spiders,  from 
which  they  are  separated  by  the  possession  of  a  segmented 
abdomen,  by  the  slendemess  and  spinose  character  of  the 
anterior  pair  of  legs,  and  by  the  absence  of  spinnerets.  They 
are  distinguished  from  the  Scorpionidct  by  the  amalgamation 
of  the  head  and  thorax  into  a  single  mass,  which  is  clearly 
separated  from  the  abdomen  by  a  constriction,  as  well  as  by 
the  fact  that  the  maxillary  palpi  terminate  in  movable  claws, 
or  have  only  a  very  imperfect  chela.  Further,  the  extremity 
of  the  abdomen  is  not  furnished  with  a  terminal  hook  or 
"  sting." 

In  Thelyphonus  (fig.  215,  C)  the  abdomen  terminates  in 
three  post-abdominal  segments,  to  which  a  long  many-jointed 
caudal  appendage  is  attached;  but  in  Phrynw  (fig.  217),  the 
abdomen  ends  in  a  button-like  segment.  The  first  pair  of 
legs  is  the  longest  (immensely  so  in  Phrynus\  the  falces  are 
not  chelate ;  and  the  maxillary  palpi,  though  of  large  size,  and 
sometimes  didactyle,  do  not  form  true  chelae.     The  genus 
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TMyphonm  is  confined  to  the  tropical  parts  of  Asia,  America, 
and  Australia,  and  the  genus  Phrynus  is  also  wholly  tropical. 
Order  IL  Araneida  or  SPHiEROGASTRA. — This  order  in- 


Fig.  2x7. — Phrynus  reni/ormis^  shovtring[  the  long  claw-like  maxillary  palpi,  and  the 
exceedingly  slender  and  sprnose  first  pair  of  walking'legs. 

eludes  the  true  Spiders,  which  are  characterised  by  the  amal- 
gamation of  the  cephalic  and  thoracic  segments  into  a  single  mass, 
and  by  the  generally  soft^  unsegmented  abdomen^  aitached  to  the 
cephalothorax  by  a  constricted  portion^  or  peduncle.  Respiration 
is  effected  by  pulmonary  sacs  in  combination  with  trachece. 
(Hence  the  name  Pulmotrcuhearia^  sometimes  applied  to  the 
order.) 

The  cephalothorax  of  the  Spiders  is  covered  by  a  homy 
plate,  and  bears  in  front  two,  four,  six,  or  eight  simple  eyes 
(fig.  209,  B).  The  mandibles  or  falces  are  terminated  by 
sharp  movable  hooks,  perforated  at  their  apices  by  a  minute 
aperture  leading  by  a  duct  to  a  poison-gland  situated  in  the 
basal  part  of  the  mandible  (fig.  218,  arC).  Behind  the  man- 
dibles are  the  small  maxillae,  each  of  which  gives  origin  to  a 
long  jointed  "maxillary  palpus."  In  the  female  Spiders  the 
maxillary  palpi  (fig.  218,  /)  are  slender  and  leg-like,  their 
extremities  terminating  in  pointed  claws.  In  the  males,  on 
the  other  hand,  the  maxillary  palpi  are  swollen  at  their  ends 
(fig.  218,  B),  and  are  specially  modified  for  the  purpose  of 
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conveying  the  spermatozoa  to  the  female.  Behind  the  maxillae 
is  a  small  lower  lip-plate  or  "  labium,"  morphologically  repre- 
senting a  second  pair  of  maxillae. 

The  alimentary  system  of  the  Spiders  has  already  been 
briefly  described  (see  p.  369,  fig.  210).  The  heart  consists  of  a 
tubular  "  dorsal  vessel,"  which  is  not  contained  in  a  pericar- 
dial sinus  (as  it  is  in  the  Scorpions),  and  to  which  the  blood 
is  admitted  by  three  pairs  of  valvular  slits.  The  respiratory 
organs  consist  partly  of  pulmonary  sacs  and  partly  of  tracheae. 
In  most  Spiders  {pipneumones)  there  are  only  two  lung-sacs, 
the  stigmata  of  which  are  placed  on  the  under  surface  of  the 
abdomen,  a  little  behind  the  point  where  it  is  connected  with 
the  cephalothorax  (fig.  218, 
j/).  In  the  Mygalida  (hence 
called  Tetrapneumanes)  there 
are  four  lung-sacs.  Just  be- 
hind the  two  pulmonary  stig- 
mata, in  the  ordinary  Spiders, 
are  two  smaller  apertures 
which  open  into  air- tubes 
or  tracheae.  These  consist 
of  membranous  branched 
tubes,  the  walls  of  which  may 
be  prevented  from  collaps- 
ing by  a  coiled-up  chitinous 
fibre.  The  opening  of  the 
reproductive  organs  is,  in 
both  sexes,  placed  on  the 
under  surface  of  the  abdo- 
men, between  the  pulmon- 
ary stigmata. 

All  the  Spiders  possess  pig.  «8. -a,  under  surface  of  a  Spidcr(Z^ 
Spmnmg-glanaS  m  tne  tOrm  cosa  andreHiv»ra\  the  walking -legs  hav- 
nf  f-nVkiilar  oraone    cif-ii'itAH   in        ing  been  removed  with  the  exception  of  the 

ot  tuDuiar  organs  situarea  m     ^^„^  -^^^^^  /^^  ^^  f^^i^^  .  ^  *5„^  ^^  ^^^ 

the   abdomen,  and   secreting        maxiUary  palpi ;  */  Stiemau,  leading  into 

a  viscid  fluid,  which  hardens     2S^"L™'SS'^jf„  ^S;  %  *^. 

rapidlv  on  exposure  to  air.  nerets.  B,  Termination  of  the  maxillaiy 
_,  *^       ^        ^  J      ^       ^  ^1  palpus  of  the  male  of  the  same,  much  en- 

The  excretory  ducts  of  these     larged. 
glands  open  by  fine  tubular 

pores  on  the  surface  of  the  so-called  "spinnerets"  (fig.  218, 
sp).  These  are  little  conical  or  cylindrical  organs,  which  are 
usually  six  in  number  (only  four  in  the  Mygalida),  and  are 
situated  at  the  extremity  of  the  abdomen.  The  viscid 
secretion  of  the  silk-glands  is  cast  into  its  proper  thread-like 
shape  in  passing  through  the  ducts  of  the  spinnerets,  and  the 


382  MANUAL  OF  ZOOLOGY. 

silken  fibres  thus  produced  are  used  by  the  Spider  for  con- 
structing an  abode  for  itself,  for  locomotion,  for  making  a 
"  web  "  in  which  to  capture  its  prey,  or  for  other  purposes. 

The  form  of  the  web  has  been  employed  as  a  basis  of  classification  of  the 
Spiders,  and  amongst  its  numerous  modifications,  the  following  may  be 
specially  alluded  to :  Some  forms  (such  as  the  common  Garden-spiders) 
construct  a  web  in  the  form  of  an  incomplete  or  complete  circle,  with  lines 
radiating  from  the  centre.  These  have  been  termed  *^ Orbitelaria, '*  Others 
— the  so-called  ^^  Reiitelaria" — simply  spin  a  thin  suspended  sheet  for  their 
web.  Others  ("  TubiielaruB  ")  construct  a  silken  tube,  inserted  in  any  acci- 
dental cavity,  its  mouth  being  open  and  guarded  by  more  or  fewer  threads. 
Lastly,  others  (''  Terriidaria  ")  spin  a  silken  tube  in  a  hole  formed  by  the 
animal  itself,  and  close  its  mouth  by  means  of  a  variously  constructed  lid. 

The  Spiders  are  oviparous,  and  the  young  pass  through  no 
metamorphosis ;  but  they  cast  their  skins  or  moult  repeatedly, 
before  they  attain  the  size  of  the  adult.  Most  Spiders  deposit 
their  eggs  in  silken  nests  or  cocoons,  often  beautifully  con- 
structed, and  sometimes  carried  about  by  the  females.  The 
males  are  generally  smaller  than  the  females,  and  of  rarer 
occurrence.  All  the  Spiders  are  predaceous  in  their  habits, 
and  live  upon  insects,  which  they  kill  by  means  of  their 
poisonous  bite.  Very  many  of  them  are  sedentary  and  con- 
struct a  web ;  but  others  ( Vagabunda)  lead  a  wandering  life, 
making  no  web,  but  hunting  their  prey  for  themselves. 

The  earliest-known  fossil  remains  of  Spiders  are  found  in 
the  Coal-measures. 
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CHAPTER    XXXIII. 

MYRIOPODA. 

Class  III.  Myriopoda  (or  Myriapoda). — The  Myriopoda 
are  defined  as  t&ticulate  animals  in  which  the  head  is  distinct^ 
and  the  remainder  of  the  body  is  divided  into  nearly  similar  seg- 
ments^ the  thorax  exhibiting  no  clear  line  of  demarcation  from 
the  abdomen.  There  is  one  pair  of  antennce,  and  the  number 
of  the  legs  is  always  more  than  eight  pairs:  Respiration  is  by 
trachece. 

In  this  class — comprising  the  Centipedes  (fig.  219)  and  the 
Millepedes — the  integument  is  chitinous,  the  body  is  divided 
into  a  number  of  somites  provided  with  articulated  appendages, 
and  the  nervous  and  circulatory  organs  are  constructed  upon  a 
plan  similar  to  what  we  have  seen  in  Crustacea  and  Arachnida, 
The  head  is  invariably  distinct,  and  there  is  no  marked  line  of 
demarcation  between  the  segments  of  the  thorax  and  those  of 
the  abdomen.  The  body,  except  in  Pauropus^  always  consists 
of  more  than  twenty  somites,  and  those  which  correspond  to 
the  abdomen  in  the  Arachnida  and  Insecta  are  always  provided 
with  locomotive  limbs.  "  The  head  consists  of  at  least  five, 
and  probably  of  six,  coalescent  and  modified  somites;  and 
some  of  the  anterior  segments  of  the  body  are,  in  many  genera, 
coalescent,  and  have  their  appendages  specially  modified  to 
subserve  prehension  "  (Huxley).  Pauropus  has  only  nine  pairs 
of  legs ;  but,  with  this  exception,  eleven  pairs  of  legs  is  the 
smallest  number  known  in  the  order. 

The  respiratory  organs,  with  one  exception  {i.e.,  Pauropus)^ 
agree  with  those  of  the  Insecta  and  of  many  of  the  Arachnida 
in  being  "  tracheae " — ^that  is  to  say,  tubes,  which  open  upon 
the  sur^^ice  of  the  body  by  minute  apertures,  or  "  stigmata," 
and  the  walls  of  which  are  strengthened  by  a  spirally-coiled 
filament  of  chitine.  The  tracheae  may  or  may  not  anastomose 
with  one  another  as  they  do  in  Insects. 

The  somites,  with  the  exception  of  the  head  and  the  last 
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abdominal  segment,  are  usually  undistinguishable  from  one 
another,  and  each  generally  bears  a  single  pair  of  limbs.  In 
some  cases,  however,  each  segment  appears  to  be  provided 


Fig.  219.— A,  Liikobius  forficatus^  enlarged  and  viewed  from  above :  an  Antenns ; 
/  Foot-jaws ;  h  Head.  B,  Head  of  Ltthobius  Leackii^  viewed  from  below  (after 
Newport):  an  Antennae ;/ Hooked  foot -jaws  ;  /Lower  lip,  composed  of  two  pieces. 
C,  Head  oi Lithobius  forficatus^  viewed  from  above  (after  C^rvais) :  an  Antenna; 
tf  Eye. 

with  two  pairs  of  appendages  (fig.  220).  This  is  really  due  to 
the  coalescence  of  the  somites  in  pairs,  each  apparent  segment 
being  in  reality  composed  of  two  amalgamated  somites.  This 
is  shown,  not  only  by  the  bigeminal  limbs,  but  also  by  the 
arrangement  of  the  stigmata,  which  in  the  normal  forms  occur 
on  every  alternate  ring  only,  whereas  in  these  aberrant  forms 
they  are  found  upon  every  ring. 

The  head  always  bears  a  pair  of  jointed  antennae,  resem- 
bling those  of  many  Insects,  and  behind  the  antennae  there  is 
generally  a  variable  number  of  simple  sessile  eyes.  In  one 
genus  {Scutigera)  compound  facetted  eyes  are  present;  and 
in  Pauropus  the  antennae  are  bifid,  and  carry  many-jointed 
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appendages,  thus  differing  wholly  from  the  antennae  of  In- 
sects, and  presenting  a  decided  approximation  to  those  of  the 
Crustaaa. 

The  young  in  some  cases,  on  escaping  from  the  egg,  possess 
nearly  all  the  characters  of  the  parents,  except  that  the  num- 
ber of  somites,  and  consequently  of  limbs,  is  always  less,  and 
increases  at  every  change  of  skin  ("moult"  or  "ecdysis"). 
In  most  cases,  however,  there  is  a  species  of  metamorphosis, 
the  embryo  being  at  first  possessed  of  no  more  than  three 
pairs  of  legs,  thus  resembling  the  true  Insects.  In  some 
other  cases  the  larva  has  at  first  seven  pairs  of  legs.  In 
these  cases  the  number  of  legs  proper  to  the  adult  is  not  ob- 
tained until  after  several  moults,  the  entire  process  being 
stated  to  occupy  in  some  species  as  much  as  two  years,  before 
maturity  is  reached. 

As  regards  their  distrihuHon  in  time^  the  earliest  known  types 
of  the  Myriopoda  occur  in  the  Devonian  (Old  Red  Sandstone), 
and  the  order  is  largely  represented  in  the  Carboniferous 
period.  According  to  the  most  recent  investigators,  all  the 
Palaeozoic  Myriopods  belong  to  sections  of  the  class  which  have 
no  modem  representatives,  and  their  characters  need  not  be 
discussed  here.  Of  the  living  orders  of  Myriopods,  the  Centi- 
pedes {Chilopoda)  do  not  seem  to  have  come  into  existence 
earlier  than  the  Tertiary  period,  and  the  Millepedes  (Chilogna- 
iha)  are  only  dubiously  represented  in  rocks  of  Secondary  age 
by  one  Cretaceous  form. 

The  Myriopoda  are  divided  into  three  orders — viz.,  the  Chilo- 
poda^ the  ChUognatlia^  and  the  Pauropoday  to  which  a  fourth, 
under  the  name  of  Onychophora^  may  be  provisionally  added 
for  the  reception  of  the  aberrant  genus  Peripatus, 

Order  I.  Chilopoda. — This  order  comprises  the  well- 
known  carnivorous  Centipedes  and  their  allies,  and  is  charac- 
terised by  the  number  of  legs  being  rarely  indefinitely  great 
(usually  from  15  to  20  pairs),  by  the  composition  of  the  an- 
tennae out  of  not  less  than  14  joints  (14  to  40  or  more),  and 
by  the  structure  of  the  mouth-organs.  These  consist  of  a 
pair  of  "mandibles,"  representing  the  mandibles  of  Insects, 
and  a  pair  of  small  jointed  maxillae,  which  are  partially  united 
in  the  middle  line.  The  segment  immediately  behind  the 
head  (the  soK:alled  "basilar  segment")  is  really  composed  of 
four  somites  fused  together,  and  it  carries  two  pairs  of  foot- 
jaws  or  maxillipedes,  of  which  the  first  pair  are  slender  and 
leg-like,  while  the  second  pair  are  of  large  size,  and  are  ter- 
minated by  perforated  hooks  which  communicate  with  inter- 
nally-placed poison-glands  (fig.  219,/).     Behind  the  poison- 
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fangs  the  basilar  segment  carries  a  pair  of  small  jointed  legs, 
which  are  sometimes  rudimentary  or  wanting. 

The  remaining  somites  carry  each  a  pair  of  jointed  legs,  the 
last  pair  of  which  are  often  directed  backwards  in  the  axis 
of  the  body,  so  as  to  form  a  kind  of  tail.  The  segments 
are  flattened,  and  each  is  protected  by  a  homy  plate  (tergum) 
superiorly,  and  a  corresponding  plate  (sternum)  on  the  ventral 
surface.  The  stigmata  are  placed  on  the  sides  of  the  body, 
usually  on  alternate  segments.  The  generative  apertures  are 
placed  at  the  posterior  end  of  the  body. 

All  the  Chilopoda  are  carnivorous  and  nocturnal  in  their 
habits.  The  genera  Scolopendra,  Lithobius  (fig.  219),  and 
Geophilus^  are  all  represented  in  Europe  by  more  or  less  fam- 
iliar types.  The  Geophili  are  devoid  of  eyes,  and  have  very 
slender  bodies  and  numerous  legs.  In  tropical  countries,  the 
Centipedes  often  attain  a  length  of  from  six  inches  to  a  foot, 
and  are  capable  of  inflicting  very  severe  or  even  dangerous 
wounds  by  means  of  their  great  poison-fangs. 

Order  II.  Chilognatha. — ^This  order  comprises  the  vege- 
table-eating Millepedes  {lulida)^  the  Galley-worms  {Polydesmus\ 
and  other  allied  forms.  The  order  is  characterised  by  the 
great  number  of  legs  —  each  segment,  except  some  of  the 

.ij^Hilllli^ 

Fig.  93a— Millepede  {luius  majn'mtu)^  a  small  example,  of  the  natural  size. 

anterior  ones,  bearing  two  pairs — by  the  composition  of  the 
antennae  out  of  six  or  seven  joints ;  and  by  the  structure  of  the 
masticating  organs,  which  consist  of  a  pair  of  mandibles  with- 
out palps,  covered  by  a  lower  lip  composed  of  the  confluent 
maxillae. 

The  body  in  the  Chilognatha  is  usually  cylindrical,  though 
depressed  in  Polydesmus,  The  three  somites  which  follow  the 
head  (thoracic  segments)  are  not  fused  as  they  are  in  the 
Chilopods,  and  they  carry  only  a  single  pair  of  legs.  The 
remaining  segments  (with  the  occasional  exception  of  the  two 
or  three  foremost  ones)  carry  each  two  pairs  of  minute  jointed 
legs.  Each  apparent  segment  may,  therefore,  be  regarded  as 
in  reality  formed  by  the  fusion  of  two  somites.  The  seventh 
somite  of  the  males  is  furnished  with  a  pair  of  copulatory 
organs,  and  wants  one  or  both  of  the  pairs  of  legs.     The 
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openings  of  the  generative  organs  are  placed  at  the  base  of 
the  second  or  third  pair  of  legs.  Eack  apparent  segment 
carries  a  pair  of  stigmata,  placed  close  to  the  bases  of  the  legs. 
The  animal  is  also  often  furnished  with  cutaneous  glands, 
which  secrete  an  acrid  fluid,  and  open  by  serially  -  placed 
dorsal  pores. 

All  the  Chilognatha  feed  on  decaying  organic  matter,  and 
the  typical  genus  is  Julus  {^g,  220),  comprising  the  ordinary 
Millepedes.  These  have  a  long  cylindrical  body  of  many 
segments,  and  when  alarmed,  coil  themselves  into  a  flat  spiral. 
The  European  Millepedes  are  comparatively  small ;  but  some 
tropical  species  attain  a  length  of  half  a  foot  or  more.  The 
**  Pill  -  Millepedes "  {Giomeris)  are  like  short  /«//,  and  they 
protect  themselves  by  rolling  themselves  into  a  ball. 

Order  III.  Pauropoda. — This  order  was  established  by 
Sir  John  Lubbock  for  the  reception 
of  a  single  generic  type  to  which 
he  gave  the  name  of  Pauropus, 
The  body  in  Pauropus  Huxleyi 
(fig.  221)  is  only  ^th  of  an 
inch  in  length,  and  consists  of  ten 
somites,  furnished  with  scattered 
setae.  There  are  only  nine  pairs 
of  legs,  of  which  one  pair  is  car- 
ried by  the  3d  segment,  whilst  the 
4th,  5th,  6th,  and  7th  segments 
carry  each  two  pairs  of  legs,  and 
may  therefore  be  regarded  as  really 
double.  The  head  is  composed 
of  two  segments,  and  is  not  pro- 
vided with  jaw-feet.  The  antennae 
are  five- jointed,  bifid,  with  three 
long  multiarticulate  appendages. 
The  body  is  white  and  colour- 
less, and  there  are  no  tracheae,  so 
that  respiration  must  be  effected 
entirely  by  the  skin.  Pauropus  is 
found  amongst  decaying  leaves  in 
damp  situations,  and  species  have 
been  described  both  from  Britain 
and  America.  It  is  separated  from 
the  Chilopoda  by  its  small  number  of  legs,  the  absence  of  foot- 
jaws,  and  the  composition  of  the  antennae  out  of  no  more  than 
five  joints. 

Order  IV.  Onychophora  (Grube).— In  the  West  Indies, 


Fig.  ii2\,—Pauro^  HuxUyi^  view- 
^  from  above,  and  enlarged  fifty 
diameters.  (AJfter  Sir  John  Lub- 
bock.) 
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South  Africa,  South  America,  and  New  Zealand  occur  exam- 
ples of  a  peculiar  genus  of  animals,  which  has  been  named 
Peripaius,  and  has  been  at  different  times  referred  to  the 
Errant  Annelides,  the  Leeches,  the  Scolecids,  or  the  Myrio- 
poda.  The  species  oi  Peripatus  are  terrestrial  in  their  habits, 
living  in  moist  earth,  in  decayed  wood,  or  under  stones,  active 
by  night  only,  and  completely  worm -like  in  form.  The 
cylindrical  body  (figs.  222,  A,  and   223)  is  annulated,  and 


Fig.  232.— A,  Peripatus  Edwardsitt  magnified  two  diameters.  B,  Head,  viewed  from 
below,  enlarged  five  times.  C  and  D,  A  single  foot,  viewed  from  above  and  side- 
ways, enlarged.    (After  Grube.) 

provided  with  numerous  pairs  of  ambulatory  feet,  which  are 
jointed,  and  terminated  by  one  or  two  hooked  claws  (fig.  222, 
C  and  D),  sometimes  with  a  bunch  of  setae.  The  animal 
walks  like  a  caterpillar,  by  means  of  its  feet,  and  rolls  up  like 
a  Millepede  when  alarmed.  The  head  carries  a  pair  of  an- 
tennae and  two  simple  eyes. 

The  mouth  in  Peripatus  {^,  222,  B)  is  placed  below  the 
head,  and  is  furnished  with  a  pair  of  homy  hooked  jaws. 
The  alimentary  canal  is  straight,  and  the  anus  is  placed  at  the 
end  of  the  body.  The  respiratory  system  consists  of  tracheae, 
which,  as  shown  by  Moseley,  exhibit  the  unique  feature  that 
their  external  openings  (the  "stigmata")  are  irregularly  dis- 
tributed over  the  whole  surface  of  the  body.  The  arrangement 
of  the  nervous  system  is  equally  renuirkable  in  the  fact  that 
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the  ventral  nerve-cords  do  not  coalesce,  but  remain  widely 
separate,  and  are  not  furnished  with  ganglia  corresponding 
with  the  successive  segments  of  the  body.  A  third  remarkable 
structural  feature  is  the  presence  of  successive  pairs  of  organs, 
which  open  externally  at  the  bases  of  the  legs,  and  communi- 
cate with  the  body-cavity,  and  which  appears  to  correspond 
with  the   segmental   organs   of  the  Annelida,     The    sexes 


Fig.  233. — Onychophora.    Pgripaius  capensi*.    (After  Moseley.) 

appear  to  be  sometimes  distinct,  sometimes  united,  in  different 
species ;  and  the  young  are  brought  forth  alive. 

In  many  respects  Peripaius  occupies  a  position  intermediate 
between  the  Annelidas  on  the  one  hand,  and  the  air-breathing 
Arthropods  on  the  other  hand.  Among  the  latter,  its  relation- 
ships appear  to  be  closest  with  the  Myriopods ;  but  its  struc- 
tural peculiarities  are  so  many  and  so  remarkable,  that  it  is 
often  considered  as  the  representative  of  a  distinct  dass^  for 
which  the  name  of  Protracheata  has  been  proposed. 
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CHAPTER    XXXIV. 


INSECTA, 


GENERAL  CHARACTERS   OF  THE   INSECTA. 


Class  IV.  Insecta — The  Jnseda  are  defined  as  Articulate 
animals  in  which  the  head,  thorax,  and  abdomen  are  distinct  ; 
there  are  three  pairs  of  legs  borne  on  the  thorax  ;  the  abdomen 
is  destitute  of  legs  ;  a  single  pair  of  antennce  is  present ;  mostly, 

there  are  two  pairs  of 
wings  on  the  thorax. 
Respiration  is  effected 
by  trachecB, 

In  the  Insecta  the 
body  is  divided  into 
a  variable  number 
of  definite  segments, 
or  somites,  some  of 
which  are  furnished 
with  jointed  append- 
ages, and  the  nervous 
and  circulatoiy  sys- 
tems are  constructed 
upon  essentially  the 
same  plan  as  in  the 
Crustacea,  Arcuhnida, 
and  Myriopoda,  The 
head,  thorax,  and  ab- 
domen are  distinct 
(figs.  224,  225),  and 
the  total  number  of 
somites  in  the  body 
never  exceeds  twenty. 
"Of  these,  five  cer- 
tainly, and  six  pro- 
bably "  (according  to 
most  authorities,  four 
only),  "constitute  the 
head,  which  possesses 


Fig.  234. — "DizgnsD.  of  the  external  anatomy  of  an  Insect. 
a  Head  carrying  the  eyes  (<>)and  antenme(a«);  b  First 
segment  of  the  thorax,  with  the  first  pair  of  legs ;  c 
Second  segment  of  the  thorax,  with  the  second  pair  of 
legs  and  the  first  pair  of  wings ;  d  Third  segment  of  the 
thorax,  with  the  third  pair  of  le^s  and  the  second  pair 
of  wings ;  e  Abdomen,  without  limbs,  but  carrying  ter* 
minal  appendages  concerned  in  reproduction ;  /Femur ; 
/Tibia;  to  Tarsus. 


a  pair  of  antennae,  a  pair  of  mandibles,  and  two  pairs  of  max- 
illae, the  hinder  pair  of  which  are  coalescent,  and  form  the 
'labium.'    Three,  or  perhaps,  in  some  cases,  more,  somites 
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unite  and  become  specially  modified  to  form  the  thorax,  to 
which  the  three  pairs  of  locomotive  limbs,  characteristic  of  per- 
fect Insects,  are  attached.    Two  additional  pairs  of  locomotive 


Fig.  225. — A,  One  of  the  Dragon-flies  (j^skna  grandis\  sliehtly  dissected  :  h  Head, 
carrying  the  eyes,  antennae,  and  organs  of  the  mouth  \  i  1 1'  First,  second,  and  third 
segments  of  the  thorax  slightly  separated  from  one  another,  each  carrying  a  pair  of 
legs,  and  the  two  last  carrying  eacn  a  pair  of  wing^ ;  a  Abdomen.  B,  Young  form, 
or  *  larva,"  of  the  same.  C,  Second  stage,  or  "pupa."  D,  Head  of  a  Dragon-fly 
{Libellula  <U^ressa\  showing  the  feelers  or  antennae  (om),  the  eyes  {e  e),  the  liinder 
pair  of  jaws  (m),  and  the  upper  lip  (/)l 

organs,  the  wings,  are  developed,  in  most  insects,  from  the 
tergal  walls  of  the  second  and  third  thoracic  somites.  No 
locomotive  limbs  are  ever  developed  from  the  abdomen  of 
the  adult  insect;  but  the  ventral  portions  of  the  abdominal 
somites,  from  the  eighth  backwards,  are  often  metamor- 
phosed into  apparatuses  ancillary  to  the  generative  function  " 
(Huxley). 

The  integument  of  the  Insecta^  in  the  mature  condition,  is 
more  or  less  hardened  by  the  deposition  of  chitine,  and  usually 
forms  a  resisting  exoskeleton,  to  which  the  muscles  are  at- 
tached.    The  four  segments  of  the  head  are  amalgamated 
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into  a  single  piece,  which  bears  a  pair  of  jointed  feelers  or 
antennae,  a  pair  of  eyes,  usually  compound,  and  the  append- 
ages of  the  mouth.  The  segments  of  the  thorax  are  also 
amalgamated  into  a  single  piece ;  but  this,  nevertheless,  admits 
of  separation  into  its  constituent  three  somites  (figs.  224,  225). 
These  are  termed  respectively,  from  before  backwards,  the 
"prothorax,"  "mesothorax,"  and  **metathorax,"  and  each  bears 
a  pair  of  jointed  legs.  In  the  great  majority  of  Insects,  the 
dorsal  arches  of  the  mesothorax  and  metathorax  give  origin 
each  to  a  pair  of  wings. 

Each  leg  consists  of  from  six  to  nine  joints  (see  fig.  228). 
The  first  of  these,  which  is  attached  to  the  sternal  surface  of 
the  thorax,  is  called  the  "  coxa,"  and  is  succeeded  by  a  short 
joint,  termed  the  "trochanter."  The  trochanter  is  followed  by 
a  joint,  often  of  large  size,  called  the  "  femur,"  succeeded  by 
the  so-called  "tibia,"  and  this  has  articulated  to  it  the  "tarsus," 
which  may  be  composed  of  from  one  to  five  joints. 

The  wings  of  Insects  are  expansions  of  the  sides  of  the 
meso-  and  meta-thorax,  these  expansions  being  supported  by 
slender  but  firm  tubes,  known  as  the  "  nervures."  Each  nerv- 
ure  consists  of  a  central  trachea  or  air-tube,  running  in  the 
centre  of  a  larger  blood-tube ;  so  that  the  wings  not  only  act 
as  organs  of  flight,  but  at  the  same  time  assist  in  the  process 
of  respiration.  Normally,  two  pairs  of  wings  are  present,  but 
one  or  other  may  be  wanting.  In  the  Coleoptera  (Beetles)  the 
anterior  pair  of  wings  become  hardened  by  the  deposition  of 
chitine,  so  as  to  form  two  protective  cases  for  the  hinder 
membranous  wings.  In  this  condition  the  anterior  wings  are 
known  as  the  "elytra,"  or  "wing-cases."  In  some  of  the 
Hemiptera  this  change  only  affects  the  inner  portions  of  the 
anterior  wings,  the  apices  of  which  remain  membranous,  and 
to  these  the  term  "  hemelytra"  is  applied.  In  the  Diptera  the 
posterior  pair  of  wings  .are  rudimentary,  and  are  converted 
into  two  capitate  filaments,  called  "  halteres "  or  "  balancers." 
In  the  Strepsiptera  the  anterior  pair  of  wings  are  rudimentary, 
and  are  converted  into  twisted  filaments. 

The  typical  number  of  somites  in  the  abdomen  of  the  In- 
seda  is  ten  or  eleven,  and  this  number  can  sometimes  be 
recognised  in  the  Orthoptera  and  some  other  forms.  In  the 
Hymenoptera  and  Lepidoptera  not  more  than  nine  or  ten  can 
be  recognised,  and  in  many  cases  even  fewer  can  be  made  out. 
The  abdominal  somites  are  usually  more  or  less  freely  mov- 
able upon  one  another,  and  never  carry  locomotive  limbs. 
The  extremity  of  the  abdomen  is,  however,  commonly  fur- 
nished with  appendages,  which  are  connected  with  the  gen- 
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erative  function,  and  not  infrequently  serve  as  offensive  and 
defensive  weapons.  Of  this  nature  are  the  ovipositors  of 
Ichneumons  and  other  insects,  and  the  sting  of  Bees  and 
Wasps.  In  the  Earwig  {Forficula)  these  caudal  appendages 
form  a  pair  of  forceps ;  whilst  in  many  insects  they  are  in  the 
form  of  bristles,  by  which  powerful  leaps  can  be  effected,  as  is 
seen  in  the  Spring-tails  {Podurai),  In  some  insects  (as  the  Mole- 
cricket  and  the  male  Cockroach),  one  of  the  hindmost  abdo- 
minal segments  carries  jointed  antenniform  appendages,  which, 
though  perhaps  partially  or  even  primarily  generative  in  func- 
tion, are  certainly  organs  of  sense,  being  connected  with  smell 
or  hearing. 

The  organs  of  the  mouth  in  Insects  are  collectively  termed 
the  "  trophi,"  or  "  instrumenta  cibaria."  Two  principal  types 
require  consideration — namely,  the  masticatory  and  the  suc- 
torial— both  types  being  sometimes  modified,  and  occasionally 
combined 

In  the  Masticatory  Insects,  such  as  the  Beetles  (fig.  226,  A), 


Fig.  336. — Organs  of  the  mouth  of  Insects,  enlarged,  (A)  of  a  Beetle  (jCarabus),  (B)  of 
the  small  Cabbage  White  Bntterfly  iPontta  rafti) :  (C)  of  the  Bed>buK  {Cimex  iectu- 
iariusX  the  mandibles  and  maxillae  being  displaced  to  one  side.  /  Labrum ;  m  Man- 
dible ;  mx  Maxilla ;  m/  Maxillary  palpus ;  ia  Labium ;  U  Labial  palpus ;  an  Base 
of  one  of  the  antennae.    (Fig.  B  is  slightly  altered  from  Westwood.) 

the  trophi  consist  of  the  following  parts,  from  before  back- 
ward: I.  An  upper  lip,  or  "labrum,"  attached  below  the 
front  of  the  head;  2.  A  pair  of  biting-jaws,  or  "mandibles," 
without  palps ;  3.  A  pair  of  chewing-jaws,  or  "  maxillae,"  pro- 
vided with  one  or  more  pairs  of  "  maxillary  palps,"  or  sensory 
and  tactile  filaments ;  4.  A  lower  lip,  or  "  labium,"  composed 
of  a  second  coalescent  pair  of  maxillae,  and  also  bearing  a 
pair  of  palpi,  the  "labial  palps."     The  primitive  form  of  the 
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labium — ^that,  namely,  of  a  second  pair  of  maxillae — ^is  more  or 
less  perfectly  retained  by  the  Orthoptera  and  some  of  the 
Neuropterd.  The  lower  or  basal  portion  of  the  labium  is 
called  the  "mentum,"  or  chin,  whilst  the  upper  portion  is 
more  flexible,  and  is  termed  the  "  ligula."  The  central  por- 
tion of  the  ligula  is  often  developed  into  a  kind  of  tongue, 
which  is  very  distinct  in  some  Insects  (as  in  Bees),  and  is 
termed  the  "  lingua,"  while  its  lateral  portions  may  be  developed 
as  special  organs  termed  ''paraglossae." 

In  the  typical  suctorial  mouth,  as  seen  in  the  Butterflies 
(fig.  226,  B),  the  following  is  the  arrangement  of  parts:  The 
labrum  and  the  mandibles  are  now  quite  rudimentary,  and 
the  first  pair  of  maxillae  is  greatly  elongated,  each  maxilla  form- 
ing a  half-tube.  The  maxillae  adhere  together  by  their  inner 
surfaces,  and  thus  form  a  spiral  "trunk,"  or  "antlia"  (inap- 
propriately called  the  "proboscis")  by  which  the  juices  of 
flowers  are  sucked  up.  To  the  base  of  the  trunk  are  attached 
the  maxillary  palpi,  which  are  extremely  small.  Behind  the 
trunk  is  a  small  labium,  composed  of  the  united  second  pair 
of  maxillae.  The  "  labial  palpi "  are  greatly  developed,  and 
form  two  hairy  cushions,  between  which  the  trunk  is  coiled  up 
when  not  in  use. 

In  the  Bee  there  exists  an  intermediate  condition  of  parts, 
the  mouth  being  fitted  partly  for  biting,  and  partly  for  suction. 
The  labrum  and  mandibles  are  well  developed,  and  retain 
their  usual  form.  The  maxillae  and  the  labium  are  greatly 
elongated ;  the  former  being  apposed  to  the  lengthened  tongue 
in  such  a  manner  as  to  form  a  tubular  trunk,  which  cannot  be 
rolled  up,  as  in  the  Butterflies,  but  is  capable  of  efficient  suc- 
tion.   The  labial  palpi  are  also  greatly  elongated. 

In  the  Hemipteray  the  "  trophi "  consist  of  four  lancet-shaped 
needles,  which  are  the  modified  mandibles  and  maxillae,  en- 
closed in  a  tubular  sheath  formed  by  the  elongated  labium 
(fig.  226,  C).  Lastly,  in  the  Diptera — as  in  the  common 
House-fly — ^there  is  an  elongated  labium,  which  is  channelled 
on  its  upper  surface  for  the  reception  of  the  mandibles  and 
maxillae,  these  being  modified  into  bristles  or  lancets. 

The  mouth  in  Insects  opens  into  a  gullet  (fig.  227,  a\  to 
which  is  appended  a  pair  (or  two  pairs)  of  salivary  glands, 
furnished  often  with  a  capacious  "  salivary  receptacle  "  on  each 
side.  The  hinder  portion  of  the  oesophagus  is  dilated  into  a 
membranous  sac  or  "crop"  (fi%,  227,  b\  often  of  great  size. 
From  the  crop  the  food  passes  into  a  muscular  division  of  the 
stomach,  which  is  known  as  the  "gizzard"  or  "proventricle." 
The  gizzard  is  adapted  for  crushing,  plates  or  teeth  of  chitine 
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being  developed  in  its  walls.  It  is  succeeded  by  a  longer  division 
of  the  stomach,  the  lining  of  which  is  glandular,  and  which  is 
known  as  the  "  chylific  stomach,"  or  ^^ventriculuschyiopoieticus^* 
(fig.  227,  /^.  Digestion  is  car- 
ried on  here,  and  the  commence- 
ment of  the  chyhfic  stomach  is 
sometimes  furnished  with  a  cir- 
cle of  blind  tubes,  which  appear 
to  represent  a  liver.  From  the 
chylific  stomach  proceeds  an 
intestine  of  variable  length, 
which  terminates  in  a  dilated 
"  cloaca  "  (fig.  227,  g).  Behind 
the  chylific  stomach  is  a  variable 
number  of  csecal  convoluted 
tubes  (fig.  227,  e)  which  open 
into  the  commencement  of  the 
intestine,  and  which  are  known 
as  the  "  Malpighian  tubes." 
There  are  usually  four  or  six 
Malpighian  vessels,  and  their 
function  is  undoubtedly  excre- 
tory, so  that  they  correspond 
with  the  kidneys  of  the  higher 
animals.  The  "  silk  -  glands," 
which  aire  present  in  the  larvae 
of  Insects,  are  large  tubular 
organs  contained  in  the  abdo- 
men, and  they  may  be  regard- 
ed as  modified  salivary  glands. 
They  open  by  a  projecting  tub- 
ular aperture  (the  "  spinneret ") 
placed  upon  the  labium.  Rarely 
(in  Myrmeleo)  there  are  silk- 
glands  opening  in  the  abdomin- 
al region.  There  are  no  absorb- 
ent vessels,  and  the  products 
of  digestion  simply  transude 
through  the  walls  of  the  ali- 
mentary canal  into  the  sinuses 
or  irregular  cavities  which  exist  between  the  abdominal  organs. 
The  apparatus  of  digestion  does  not  differ  essentially  from 
the  above  in  any  of  the  Insects;  but  the  alimentary  canal 
is,  generally  speaking,  considerably  lengthened  in  the  herbivor- 
ous species. 


227. — Alimentary  canal  of  a  Beetle 
^Caralms  auratus\  a  CEsophag[us ;  b 
Crop ;  c  Gizzard ;  d  Wide  portion  of 
hylific  s 


stomach ;  d'  Narrow  portion  of 
Malpiel 


chyli 

the  chylific  stomach ;  e  Nlalpighian 
tubes ;  /  Intestine ;  g  Cloaca ;  h  Anal 
glands.    (After  Dufour.) 
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There  is  no  absolutely  definite  course  of  the  circulation  in 
the  Insects.  The  propulsive  organ  of  the  circulation  is  a  long 
contractile  cavity,  situated  dorsally  and  termed  the  '*  dorsal 
vessel"  (fig.  228,  A),    This  is  composed  of  a  number  of  sacs 


Fig.  328.— Ideal  transverse  section  of  an  Insect.  A  Dorsal  vessel ;  i  Intestine ;  n  Yen- 
tral  nerve-cord  ;  //  Stiemata,  leading  into  the  branched  tracheal  tubes;  ww  Wings; 
a  Coxa  of  one  leg ;  ^  Trochanter ;  c  Femur ;  d  Tibia ;  e  Tarsus.    (After  Packard.) 

(ordinarily  eight),  opening  into  one  another  by  valvular  aper- 
tures, which  allow  of  a  current  in  one  direction  only — viz., 
towards  the  head.  The  blood  is  collected  from  the  irregular 
venous  sinuses  which  are  formed  by  the  lacunae  and  interstices 
between  the  tissues,  and  enters  the  dorsal  vessel  from  behind, 
and  by  lateral  valvular  openings ;  it  is  then  driven  forwards, 
and  is  expelled  at  the  anterior  extremity  of  the  body.  The 
blood  of  the  Insecta  is  corpusculated,  and  usually  colourless. 
Whilst  the  general  belief  is  that  there  is  no  regular  system  of 
blood-vessels  (arteries  and  veins),  and  that  the  blood  simply 
circulates  through  the  interstices  of  the  tissues,  some  observers 
afiirm  the  partial  existence  of  true  vessels,  and  others  maintain 
that  the  blood  circulates  in  the  spaces  between  the  tracheae 
and  their  enveloping  sheaths,  which  thus  become  converted 
into  blood-vessels. 

Respiration  is  eflfected  by  means  of  "  tracheae,"  or  branched 
tubes,  which  commence  at  the  surface  of  the  body  by  lateral 
apertures,  called  "  stigmata,"  or  "  spiracles,"  and  ramify  through 
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every  part  of  the  animal  In  structure  the  tracheae  are  mem- 
branous, but  their  walls  are  strengthened  by  a  chitinous  fila- 
ment, which  is  rolled  up  into  a  continuous  spiral  coiL  In 
many  cases  the  tracheae  are  connected  with  membranous*  dila- 
tations or  "tracheal  vesicles,"  which  are  distributed  in  the 
thorax  and  abdomen,  and  serve  as  air-receptacles.  The  walls 
of  these  tracheal  vesicles  are  not  supported  by  an  internal 
coiled  fibre.  The  renovation  of  the  air  in  the  tracheal  system 
is  effected  by  the  movements  of  the  abdominal  segments.  The 
wings,  also,  whilst  acting  as  organs  of  locomotion,  doubtless 
subserve  respiration,  the  nervures  being  hollow  tubes  filled 
with  blood  and  enclosing  tracheae.  In  the  aquatic  larvae  of 
such  insects  as  the  May-flies  and  Caddis-flies,'  the  body  is 
furnished  with  variously-shaped  lateral  outgrowths,  which  are 
richly  supplied  with  tracheae,  and  are  known  as  "tracheal 
gills  ";  and  it  is  by  these  organs  that  respiration  is  carried  on. 
In  many  of  the  Dragon-flies  the  walls  of  the  terminal  portion 
of  the  intestine  are  supplied  with  tracheae,  and  water  is  pumped 
in  and  out  of  the  rectum,  the  function  of  respiration  being  thus 
discharged.  With  very  rare  exceptions  {e,g.,  in  the  Orthop- 
terous  genus  Pteronarcys)^  the  tracheal  gills  are  purely  larval 
structures,  and  disappear  when  maturity  is  attained. 

The  so-called  "  fat  body  "  of  Insects  is  an  accumulation  of 
fatty  matter  in  lobulated  masses,  which  lie  between  the  body- 
wall  and  the  viscera,  and  occupy  the  spaces  between  the  latter. 
The  fat  body  is  especially  developed  in  the  larva  towards  the 
full  period  of  its  growth,  and  is  used  by  the  insect  as  a  store 
of  nutriment  in  its  pupal  stage,  and  in  the  formation  of  the 
reproductive  organs. 

The  nervous  system  in  Insects,  though  often  concentrated 
into  special  masses,  consists  essentially  of  a  chain  of  ganglia, 
placed  ventrally,  and  united  together  by  a  series  of  double 
cords  or  commissures.  The  cephalic  or  "  prae-oesophageal " 
ganglia  are  of  large  size,  and  distribute  filaments  to  the  eyes 
and  antennae.  The  first  post-oesophageal  ganglia  are  united  to 
the  preceding  by  cords  which  form  a  collar  round  the  gullet, 
and  they  supply  the  nerves  to  the  mouth,  whilst  the  next  three 
ganglia  furnish  the  nerves  to  the  legs  and  wings.  In  larvae, 
Uiirteen  pairs  of  ganglia  may  often  be  recognised.  In  the 
adults,  however,  of  the  higher  groups  of  Insects  (such  as  the 
Cokoptera^  HymenopterOy  Diptera^  and  LepidoptercL)^  the  thoracic 
ganglia  coalesce  into  a  single  mass,  while  the  abdominal  ganglia 
may  be  similarly  fused  with  one  another. 

The  organs  of  sense  are  the  eyes  and  antennae.  The  eyes 
in  Insects  are  usually  "  compound,"  and  are  composed  of  a 
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number  of  hexagonal  lenses,  united  together,  and  each  sup- 
plied with  a  separate  nervous  filament.  Besides  these,  simple 
eyes — "  ocelli,"  or  "  stemmata," — are  often  present,  or,  in  rare 
cases,  may  be  the  sole  organs  of  vision.  In  structure  these 
resemble  the  single  elements  of  the  compound  eyes.  In  a 
few  cases  the  eyes  are  placed  at  the  extremities  of  stalks 
or  peduncles,  but  in  no  case  are  these  peduncles  movably 
articulated  to  the  head,  as  is  the  case  in  the  Podophthalmous 
Crustaceans.  The  antennse  are  movable,  jointed  filaments, 
attached  usually  close  to  the  eyes,  and  varying  much  in  shape 
in  different  Insects.  They  doubtless  discharge  the  functions 
of  tactile  organs,  but  are  probably  the  organ  of  other  more 
recondite  senses  in  addition. 

The  sexes  of  Insects  are  in  diflferent  individuals,  and  the 
males  and  females  often  exhibit  markedly  different  characters. 
The  generative  organs  of  the  female  consist  of  two  ovaries, 
each  of  which  is  composed  of  a  greater  or  less  number  of 
ovarian  tubes.  Each  ovary  possesses  a  Fallopian  tube,  and 
the  two  Fallopian  tubes  open  into  a  common  oviduct,  which 
in  turn  opens  by  the  intervention  of  a  short  vagina  on  the 
surface.  Appended  to  the  oviduct  are  tubular  glands  ("  col- 
leterial  glands"),  the  glutinous  secretion  of  which  invests  the 
eggs  in  their  passage  outwards,  often  uniting  them  into  chains 
or  masses,  or  serving  to  cement  them  to  foreign  bodies.  Ap- 
pended also  to  the  oviduct  there  is  usually  a  vesicular  recep- 
tacle (the  "  spermatheca  "),  the  function  of  which  is  to  store  up 
the  semen  of  the  male  at  the  time  of  impregnation,  so  that  the 
female  can  thereafter  continue  to  impregnate  the  successively 
produced  ova  for  a  longer  or  shorter  period.  The  male  organs 
consist  of  a  pair  of  testes  with  vasa  deferentia,  opening  into  a 
common  ejaculatory  duct,  the  termination  of  which  is  furnished 
with  a  copulatory  organ.  There  are  also  usually  accessory 
glands,  the  function  of  which  is  to  form  the  spermatozoa  into 
packages  or  "  spermatophores." 

Though  hermaphroditism  does  not  occur  among  Insects 
(except  as  an  abnormality),  the  generative  organs  are  not 
invariably  developed,  or  may  be  incompletely  developed,  in 
some  individuals.  Thus  among  Social  Insects,  the  com- 
munity not  only  consists  of  males  and  females,  but  also  of 
"neuters,"  or  individuals  in  which  the  reproductive  organs 
are  incomplete.  In  Bees,  Wasps,  &c,  the  "neuters"  are 
simply  imperfectly  developed  females,  but  in  the  case  of  the 
White  Ants  they  are  of  no  fully  developed  sex. 

While  sexual  reproduction  is  the  rule  among  Insects,  non- 
sexual reproduction  also  takes  place  occasionally.    The  par- 
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thenogenetic  reproduction  of  the  Honey-bee  and  of  Aphides  has 
been  previously  alluded  to.  (See  Introduction.)  There  are  also 
cases  in  which  the  larval  insect  has  the  power  of  reproducing 
itself,  while  its  reproductive  organs  are  still  undifferentiated. 

Generally  speaking,  the  young  insect  is  very  different  in 
external  characters  from  the  adult,  and  it  requires  to  pass 
through  a  series  of  changes,  which  constitute  the  "  metamor- 
phosis," before  attaining  maturity.  In  some  Insects,  however, 
there  appears  to  be  no  metamorphosis,  and  in  some  the 
changes  which  take  place  are  not  so  striking  or  so  complete 
as  in  others.  By  the  absence  of  metamorphosis,  or  by  the 
degree  of  its  completeness  when  present.  Insects  are  divided 
into  sections,  called  respectively  Ametabola,  Jlemimetabola, 
and  Holometabola^  which,  though  not,  perhaps,  of  a  very  high 
scientific  value,  are  nevertheless  very  convenient  in  practice. 

Section  i.  Ametabolic  Insects, — These  pass  through  no  meta- 
morphosis, and  also,  in  the  mature  condition,  are  destitute  of 
wings.  The  young  of  these  insects  {Aptera)  on  escaping  from 
the  ovum  resemble  their  parents  in  all  respects  except  in  size ; 
and  though  they  change 
their  skins  frequently, 
they  undergo  little  al- 
teration before  reach- 
ing the  perfect  condi- 
tion, except  that  they 
grow  larger. 

Section  2.  Hemimeta- 
bolic  Insects,  —  In  the 
insects  belonging  to 
this  section  there  is  a 
metamorphosis  consist- 
ing of  three  stages. 
The  young  on  escap- 
ing from  the  ovum  is 
termed  the  "larva"; 
when  it  reaches  its 
second  stage  it  is  call- 
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[g.  229. — Different  stages  in  the  metamorphosis  of  a 
Grasshopper.  A,  Larva ;  B,  Pupa,  with  the  rudi- 
mentary  winp^s ;  C,  Adult  or  imago,  with  the  fully* 
developed  wings. 


"nymph";  and  in  its 
third  stage,  as  a  per- 
fect insect  it  is  called  the  **  imago."  In  the  Hemimetabolay  the 
"larva,"  jthough  of  course  much  smaller  than  the  adult,  or 
"imago,"  differs  from  it  in  little  else  except  in  the  absence 
of  wings.  It  is  active  and  locomotive,  and  is  generally  very 
like  the  adult  in  External  appearance  (fig.   229,  A).      The 
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*'pupa,"  again,  is  a  little  larger  than  the  larva,  but  really 
differs  from  it  in  little  else  than  in  the  fact  that  the  rudi- 
ments of  wings  have  now  appeared,  in  the  form  of  lobes 
enclosed  in  cases.  The  "pupa"  is  still  active  and  loco- 
motive, and  the  term  "  nymph  "  is  usually  applied  to  it  The 
pupa  is  converted  into  the  perfect  insect,  or  "  imago,"  by  the 
liberation  of  the  wings  and  the  development  of  the  repro- 
ductive organs.  From  the  comparatively  small  amount  of 
difference  between  these  three  stages,  and  from  the  active 
condition  of  the  pupa,  this  kind  of  metamorphosis  is  said  to 
be  "incomplete." 

In  some  members  of  this  section,  however — such  as  the 
Dragon-flies — the  larva  and  pupa  are  aquatic,  whereas  the 
imago  leads  an  aerial  life.  In  these  cases  (fig.  225)  there  is 
necessarily  a  considerable  difference  between  the  larva  and  the 
adult ;  but  the  larva  and  pupa  are  closely  alike,  and  the  latter 
is  active. 

Section  3.  Holometabolic  Insects.  —  These  —  comprising  the 
Butterflies,  Moths,  Beetles,  &c. — pass  through  three  stages 
which  differ  greatly  from  one  another  in  appearance,  the 
metamorphosis,  therefore,  being  said  to  be  "complete."  In 
these  insects  (fig.  230)  the  "larva"  is  vermiform,  segmented, 
and  usually  provided  with  locomotive  feet,  which  do  not 
correspond  with  those  of  the  adult,  though  these  latter  are 
usually  present  as  well.  In  other,  cases  the  larva  is  destitute 
of  legs,  or  is  "apodal."  The  larva  is  also  provided  with 
masticatory  organs,  and  usually  eats  voraciously.  In  this 
stage  of  the  metamorphosis  the  larvae  constitute  what  are 
usually  called  "caterpillars"  and  "grubs."  Having  remained 
in  this  condition  for  a  longer  or  shorter  length  of  time,  and 
having  undergone  repeated  changes  of  skin,  or  "moults," 
necessitated  by  its  rapid  growth,  the  larva  passes  into  the 
second  stage,  and  becomes  a  "pupa."  The  insect  is  now 
perfectly  quiescent,  unless  touched  or  otherwise  irritated,  is 
incapable  of  changing  its  place,  and  is  often  attached  to  some 
foreign  object.  This  constitutes  what — in  the  case  of  the 
Leptdoptera — is  generally  known  as  the  "chrysalis,"  or  "aurelia" 
(fig.  230).  The  body  of  the  pupa  is  usually  covered  by  a 
chitinous  pellicle,  which  closely  invests  the  animal  In  some 
cases  {e.g,y  in  many  Dipterous  insects)  no  traces  of  the  future 
insect  can  be  detected  in  the  pupa  by  external  inspection ; 
but  in  the  L^idoptera  the  thorax  and  abdomen  are  distinctly 
recognisable  in  the  pupae ;  whilst  in  others  (e,g.y  Hymenoptera) 
the  parts  of  the  pupa  are  merely  covered  by  a  membrane,  and 
are  quite  distinct     In  some  cases  the  pUpa  is  further  pro- 
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tected  within  the  dried  skin  of  the  larva ;  and  in  other  cases 
the  larva — immediately  before  entering  upon  the  pupa-stage 
— spins,  by  means  of  special  organs  for  the  purpose,  a  pro- 
tective case,  which  surrounds  the  chrysalis,  and  is  termed  the 
"  cocoon." 


Fig.  330.— Metamorphosis  of  the  SwaMow-tail  Butterfly  {Pa^iio  machaan).    A,  Larva; 
B,  Pupa  or  chrysalis ;  C,  Imago. 

Having  remained  for  a  variable  time  in  the  quiescent  pupa- 
stage,  and  having  undergone  the  necessary  development,  the 
insect  now  frees  itself  from  the  envelope  which  obscured  it, 
and  appears  as  the  perfect  adult,  or  "  imago,"  characterised  by 
the  possession  of  wings. 

As  regards  their  distribution  in  space^  it  is  impossible  to  say 
much,  for  the  simple  reason  that  Insects  have  a  cosmopolitan 
range,  and  there  are  but  few  situations  in  nature  in  which  they 
may  not  be  found. 

By  far  the  larger  number  of  Insects,  during  their  adult  con- 
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dition,  are  terrestrial  or  aerial  in  their  habits,  but  in  many 
cases,  even  among  these,  the  larvae  are  aquatic.  Many  other  in- 
sects live  habitually  during  all  stages  of  their  existence  in  fresh 
water.  A  few  insects  inhabit  salt  water  (either  the  sea  itself 
or  inland  salt  waters)  during  the  whole  or  a  portion  of  their 
existence.  (This  is  the  case  with  two  or  three  Beetles  of  the 
families  HydropMlida  and  Dytisctddy  some  Hemipterous  In- 
sects, and  the  larvae  of  various  DiptercL)  Lastly,  many  insects 
live  parasitically  upon  the  bodies  of  Birds  or  Mammals,  or 
upon  other  Insects,  while  many  others  are  parasitic  upon 
plants. 

As  regards  their  distributioft  in  time^  the  earliest  known 
remains  of  insects  occur  in  the  Silurian  rocks,  and  a  com- 
paratively considerable  number  of  fossil  Insects  are  known 
from  the  succeeding  Devonian  and  Carboniferous  formations. 
All  the  known  Palaeozoic  Insects,  so  far  as  completely  investi- 
gated, belong  to  an  extinct  division  of  Insects  for  which  the 
name  of  Palaodictyoptera  has  been  proposed,  and  which  con- 
tains forms  representative  of  the  existing  orders  of  the  Orthop- 
tera^  Hemiptern^  Neuroptera^  and  Cokoptera,  All  the  recent 
orders  just  mentioned,  with  the  addition  of  the  orders  of  the 
Diptera  and  Lepidoptera^  are,  however,  represented  in  rocks 
of  Mesozoic  age. 


CHAPTER   XXXV. 

DIVISIONS  OF  INSECTA, 

The  class  Insecta  includes  such  an  enormous  number  of 
species,  genera,  and  families,  that  it  would  be  impossible  to 
treat  of  these  satisfactorily  otherwise  than  in  a  treatise  especi- 
ally devoted  to  entomology.  Here  it  will  be  sufficient  to  give 
simply  the  differential  characters  of  the  different  orders,  draw- 
ing attention  occasionally  to  any  of  the  more  important  points 
in  connection  with  any  given  family. 

As  already  said,  the  Insecta  are  divided  into  three  divisions, 
termed  Ametabola,  Hemimetabola^  and  HoUmutabola^  according 
as  they  attain  the  adult  condition  without  passing  through  a 
metamorphosis,  or  have  an  incomplete  or  complete  metamor- 
phosis. The  Insects  which  come  under  the  first  head  (viz., 
Amdabola)  are  not  furnished  with  wings  in  the  adult  condition, 
and  the  four  orders  which  compose  this  section  are  commonly 
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grouped  together  under  the  name  Aptera,  By  some,  however, 
this  division  is  entirely  rejected,  and  the  orders  in  question 
are  placed  amongst  the  Hemimetahola^  or  even  grouped  with 
the  Myriopcda,  Indeed,  it  is  certain  that  the  orders  of  the 
so-called  Apterous  Insects  are  not,  strictly  speaking,  scientific 
divisions.  It  is,  however,  a  matter  of  convenience  to  retain 
them  in  a  separate  form,  as  it  is  by  no  means  absolutely 
certain  how  they  may  most  natiirally  be  distributed  amongst 
the  higher  orders. 

Sub-class  I.  Ametabola.  —  Young  not  passing  through  a 
mdamorphosisy  and  differing  from  the  adult  chiefly  in  size. 
Imago  destitute  of  wings ;  eyes  simple y  sometimes  wanting. 

Order  I.  Anoplura. — Minute  Aptera^  in  which  the  mouth 
is  formed  for  suction,  and  there  are  two  simple  eyes. 

This  order  comprises  insects  which  are  commonly  parasitic 
upon  man  and  other  animals,  and  are  known  as  Lice  (Pedi- 


Fig.  931.— Morphology  of  Aptera.  A.  Pediculvs  capitis;  B,  Doco^horus  kamnitts, 
one  of  the  Bird-lice ;  C.  Campodeai  D,  Degteria^  one  of  the  PoduHda;  E,  Scale 
of  a  Podurid,  as  seen  under  the  microscope  ;  F,  Degeeria  /utfuratcens.  All  the 
figures  are  greatly  enlarged.    (After  Packard  and  Gervais.) 

culida).  The  common  Louse  (fig-  231,  A)  is  furnished  with  a 
simple  eye,  or  ocellus,  on  each  side  of  a  distinctly  differen- 
tiated head,  the  under   surface  of  which  bears  a  suctorial 
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mouth.  There  is  little  distinction  between  the  thorax  and 
abdomen,  but  the  segments  of  the  former  carry  three  pairs 
of  legs.  The  legs  are  short,  with  short  claws  or  with  two 
opposing  hooks,  affording  a  very  firm  hold.  The  body  is 
flattened  and  nearly  transparent,  distinctly  segmented,  and 
showing  the  stigmata  very  plainly.  The  young  pass  through 
no  metamorphosis,  and  their  multiplication  is  extremely  rapid. 
Many  Mammals  are  infested  by  Lice,  the  same  animal  often 
being  subject  to  the  attacks  of  more  than  one  species  of 
Louse.  Three  species  commonly  attack  man — viz.,  Pediculus 
capitis,  P.  vestitnenti,  zjid  Phthirius  pubis ;  and  a  fourth  species 
(Pediculus  tahescentium)  is  of  rare  occurrence,  and  gives  rise  to 
the  loathsome  disease  known  as  Phthiriasis. 

The  Lice  are  now  very  commonly  associated  with  the 
Hemiptera,  of  which  they  are  regarded  as  constituting  a 
degraded  and  aberrant  group. 

Order  II.  Mallophaga. — Minute  Aptera^  in  which  the 
mouth  is  formed  for  biting^  and  is  furnished  with  mandibles 
and  maxillce. 

The  members  of  this  order  (fig.  231,  B)  are  commonly  known 
as  '^  Bird-lice,"  being  parasitic,  sometimes  upon  Mammals,  but 
mostly  upon  Birds.  They  strongly  resj^mble  the  Pediculi,  but 
the  mouth  is  formed  for  biting,  to  suit  their  mode  of  life — 
since  they  do  not  live  upon  the  juices  of  their  hosts,  but  upon 
the  more  delicate  tegumentary  appendages.  Of  the  forms 
which  infest  Mammals,  one  of  the  most  familiar  is  the  Louse  of 
the  Dog  {Trichodectes  latus).  They  are  sometimes  regarded  as 
constituting  a  degraded  group  of  the  Hemiptera, 

Order  III.  Collembola. — Minute  Aptera,  with  a  semi- 
masticatory  or  suctorial  mouth  ;  the  first  abdomincU  s^ment  fur- 
nished with  a  ventral  tube  or  suctorial  organ  ;  the  last  abdominal 
segment  but  one  with  appendages  for  leaping. 

This  order  has  been  established  by  Sir  John  Lubbock  for 
the  reception  of  a  number  of  Insects  generally  known  as 
"Spring-tails."  Their  scientific  name  is  in  allusion  to  the 
fact  that  they  attach  themselves  to  foreign  bodies  by  a  double 
ventral  suctorial  tube,  which  secretes  a  viscous  fluid ;  whilst 
their  popular  name  refers  to  their  possessing  saltatory  append- 
ages attached  to  the  last  abdominal  segment  but  one.  These 
appendages  (fig.  231,  D  and  F)  consist  of  a  long^  forked  pro- 
cess which  is  generally  bent  along  the  under  surface  of  the 
body.  When  released,  the  sudden  extension  of  the  elastic 
process  throws  the  insect  into  the  air.  The  body  is  covered 
either  with  hairs  or  scales,  and  the  latter  exhibit  under  the 
microscope  very  elaborate  and  beautiful  markings  (fig.  231,  £). 
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They  are  generally  to  be  found  in  moist  dark  places  in  gardens, 
or  on  the  surfiace  of  pools,  and  the  commonest  genera  are 
Padura^  Smynikurus^  and  Degeeria, 

Order  IV.  Thysanura. — Minute  Aptera^  with  a  mastica- 
tory mouth;  the  end  of  the  abdomen  furnished  with  long  bristle- 
like  terminal  appendages^  used  in  locomotion. 

The  insects  of  this  order  are  closely  related  to  those  of  the 
preceding,  but  the  long  anal  bristles  do  not  usually  form  a 
"spring";  and  the  mouth  is  distinctly  masticatory.  In  the 
genus  Machilis  a  "spring"  is  present,  resembling  that  of  the 
Fodura,  The  two  principal  genera  are  Lepisma  and  Campodea 
(fig.  231,  C),  both  of  which  live  generally  under  stones  or  in 
dark  situations.  The  body  is  hairy,  or  clothed  with  metallic 
scales;  these  latter  organs  being  in  Lepisma  so  delicately 
marked  that  they  are  commonly  used  as  test-objects  for  the 
microscope. 

Accordmg  to  Packard,  the  Thysanura  and  Collembola  are 
to  be  regarded  as  degraded  groups  of  Neuroptera^  the  former 
having  also  affinities  with  the  Myriopoda,  According  to  Sir 
John  Lubbock,  Campodea  may  be  regarded  as  a  modern  rep- 
resentative of  a  group  of  ancient  type-forms,  from  which  the 
higher  Insects  originally  took  their  rise. 

Sub-class  II.  Hemimetabola. — Metamorphosis  incomplete; 
the  larva  differing  from  the  imago  chiefly  in  the  absence  of  wings, 
and  in  size;  pupa  usually  active,  or,  if  quiescent,  capable  of  move- 
ment,'^ 

Order  V.  Rhynchota  (Ilemiptera). — Mouth  suctorial,  beak- 
shaped,  consisting  of  a  jointed  rostrum,  composed  of  the  elongated 
labium  and  labial  palpi,  which  together  form  a  jointed,  tubular 
sheath  for  the  bristle-shaped,  styliform  mandibles  and  maxillce. 
Eyes  compound,  usually  with  ocelli  as  well.  Two  pairs  of  wings 
in  most;  sometimes  wanting.    Pupa  generally  active. 

The  Hemiptera  Xvft  upon  the  juices  of  plants  or  animals, 
which  they  are  enabled  to  obtain  by  means  of  the  suctorial 
rostrum. 

The  order  is  divided  into  the  following  three  sub-orders : — 

Sub-order  a.  Homoptera. — The  anterior  pair  of  wings  of 
the  same  texture  throughout  (membranous);  the  mouth 

•  The  males  of  the  Coccida^  amongst  the  Rhynchota^  undergo  a  complete 
metamorphosis.  In  certain  of  the  Rhynchota  and  Orthoptera  the  adult  is 
apterous,  and  in  these  cases  there  cannot  be  said  to  be  any  metamorphosis, 
suice  the  larvae  differ  from  the  adult  only  in  size,  in  having  fewer  joints  to 
the  antennae,  and  in  having  a  smaller  number  of  facets  in  each  of  the  com- 
pound eyes.  The  typical  Neuroptera,  on  the  other  hand,  pass  through  a 
complete  metamorphosis. 
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turned  backwards,  so  that  the  beak  springs  from  the 
back  of  the  head.  The  wings  fold  over  one  another 
when  the  insect  is  at  rest.     There  are  ocelli  between  the 


Fig.  333.— Rhynchota.    Bean  Aphis  {Aphis faba\  winged  male  and  wingless  female 


Fig.  333.— Rhynchota.  A,  Pentatoma  ruHlans,  with  the  wings  closed.  B,  Rka^- 
gasier  incarnatus^  with  the  wings  expanded  in  flight :  a^  Anterior  wing  (hemiely* 
tron),  with  its  basal  portion  hardened  by  chitine ;  b.  Posterior  membranous  wing. 

compound  eyes,  and  the  antennae  are  small  and  composed 
of  few  joints.     The  females  often  have  an  ovipositor  of 
three  toothed  blades.     In  this  section  are  the  Aphides, 
the  Scale  Insects  {Coccida)^  the  Cicadas,  the  Lantern- 
flies  {Fuigora),  &c. 
As  typical  examples  of  the  Hotnopiera  may  be  taken  the 
Cicadas  (fig.  234,  C),  the  males  of  which  are  well  known  for 
their  power  of  emitting  a  musical  note  or  chirp.     The  Plant- 
lice  or  Aphides  (fig.  232)  live  upon  the  juices  of  plants,  an 
enormous  number  of  species  being  known.    They  may  possess 
two  pairs  of  membranous  wings,  or  none,  and  they  give  birth 
to  innumerable  young  in  the  summer  months  by  a  process 
of  parthenogenesis.     The  hinder  end  of  the  abdomen  usually 
carries  two   tubular  organs  or  "cornicles"  (fig.   232),  from 
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which  a  sweet  fluid  ("honey-dew")  is  excreted.  The  singu- 
lar Scale-insects  {Cocdda)  have  the  males  winged,  whilst  the 
females  are  deformed,  often  scale-like,  and  devoid  of  wings. 
The  dried  female  of  the  Cochineal  Insect  {Coccus  ccLcti)  con- 
stitutes the  cochineal  of  commerce,  and  the  Coccus  lacca  yields 
lac-dye,  while  shell-lac  is  the  resinous  exudation  which  flows 
from  the  punctures  which  the  insect  makes  in  trees. 

Sulhorder  b,  Heteroptera, — Anterior  wings  membranous  near 

their  apices,  but  chitinous  towards  the  base  (hemelytra) ; 

the  rostrum  springing  from  the  front  of  the  head.    The 

inner  margins  of  the  wings  are  straight  or  contiguous. 

The  antennae  are  moderate  in  size,  and  usually  composed 

of  a  few  large  joints. 
Of  the  extemsd  characters  of  the  Heteropterous  Rhynchota  or 
"  Bugs,"  the  most  marked  is  the  peculiar  nature  of  the  anterior 
wings.  These,  namely,  are  in  the  form  of  "  hemel)rtra "  (fig. 
233,  a\  having  their  bases  chitinous,  and  their  apices  mem- 
branous. It  was  from  this  character  that  the  name  of  Hemip- 
tera  has  been  so  often  given  to  the  entire  order  of  the 
Rhynchota;  the  name  being,  however,  inappropriate,  as  the 
anterior  wings  are  membranous  in  the  insects  belonging  to  the 
preceding  section  of  the  order. 

The  Heteroptera  are  divided  into  the  two  tribes  of  the 
Hydrocorisce  (Water-bugs),  and  Geocorisce  (Land-bugs),  accord- 


Fig.  934. -Rhynchota.  A,  Tkri^s,  enlarged;  B,  Nepa  ctnerea^  txA^^X  C  Ctcada 
Anrlica.  the  wings  on  the  right  side  of  the  body  being  omitted ;  D.  Larva  01  tne 
same  ;  E,  Pupa  of  the  same.    (Figs.  C,  D,  and  E  are  after  Westwood.) 

ing  as  they  are  aquatic  or  mainly  terrestrial  in  their  habits. 
Of  the  former,  familiar  examples  are  the  Boat-flies  {Notonecta), 
and  the  Water-scorpions  {Nepa,  fig.  234,  B).     Of  the  latter 
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group,  the  most  typical  examples  are  the  Forest-bugs  and 
Field-bugs,  such  as  Pentatoma  (fig.  233,  A).    Another  familiar 
type  is  the  Bed-bug  {Cimex  Udularius),  in  which  the  hind- 
wings  are  absent,  and  the  hemel)rtra  are  rudimentary. 
Suh-order  c,    Thysanopiera.  —  Mouth  with  mandibles  and 
maxillae,  furnished  with  palpL    The  wings  with  few  or  no 
nervures,  fringed.     In  this  sub-order  are  only  the  little 
insects  which  form  the  genus  Thrips  (fig.  234,  A),  and 
some  allied  forms.    They  live  upon  plants^  and  differ 
from  the  typical  Rhynchota  both  in  the  structure  of  the 
wings,  and  in  the  fact  that  the  beak-like  rostrum  really 
contains  palpate  mandibles  and  maxillae.     The  insects 
forming  this  little  group  are  often  included  in  the  Orthop- 
tera^  with  which  they  are  in  various  respects  allied. 
Order   VL     Orthoptera. — Mouth    masticatory;   wings^ 
fouTy  sometimes  wanting;  the  anterior  pair  mostly  smaller  than 
the  posterior^  semi-coriaceotis  or  leathery^  usually  with  numerous 
nervures,  the  interspaces  between  which  are  filled  with  many 
transverse  reticulations;  sometimes  overlapping  horizontally 
^Cockroach),  sometimes  meeting  like  the  roof  of  a  house 
(Grasshoppers).     Posterior  wings  usually  having  their  front 
portion  of  a  different  texture  from  their  hinder  portion^  this  latter 
being  almost  always  more  transparent,  and  when  not  in  use 
folded  longitudinally  like  a  fan.     Posterior  wings  often  wanting 
in  the  females  of  the  Blattidce,     Antennae  usually  filiform. 


Fig,  235.— Orthoptera.    The  Common  Cockroach  {JPeriplamta  arienialis\ 
male  and  female. 

Metamorphosis  incomplete.    (Sometimes,  however,  the  adult  is 
apterous,  when  it  becomes  almost  impossible  to  distinguish 
the  larva,  pupa,  and  imago.) 
This  order  includes  a  number  of  well-known  insects,  most. 
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of  which  are  vegetable-feeders.  Some  of  the  Orthopteray  such 
as  the  Cockroaches  {Blattida^  fig.  235)  have  slender  legs,  and 
are  adapted  for  running  (cursorial).  Others  are  suited  for 
walking,  and  are  said  to  be  gressorial.  Amongst  these  are  the 
MantideSy  with  their  great  raptorial  front-legs,  and  the  singular 
Walking  Leaves  and  Stick-insects  (the  Phasmida).  Others, 
again,  are  saltatorialy  having  the  hind -legs  elongated  and 
adapted  for  leaping  (fig.  229).  In  this  section  are  the  Crickets 
and  Mole  -  crickets  (Gryllida  ox  Acheiidce),  and  the  Grass- 
hoppers and  Locusts  (Acridiida  and  Locustidce),  The  Saltatory 
Orthoptera  are  all  vegetable-feeders,  and  whilst  many  of  them 
commit  serious  depredations  upon  green  crops  and  grass,  the 
ravages  of  the  Migratory  Locust  {(Edipoda  migratoria)  are  in 
this  respect  unrivalled.  Finally,  there  is  a  small  section  of 
the  Orthoptera  which  includes  the  Earwigs  {ForficulidcB)^  and 
which  has  been  raised  to  the  rank  of  a  distinct  order  under 
the  name  of  Euplexoptera,     In  this  group  (fig.  236),  the  last 
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Fig.  236.— The  Earwig  {For/lcuia  auricularia).    A,  Larva ;  B,  Pupa ;  C,  Imago 

segment  of  the  abdomen  carries  a  pair  of  nippers,  the  ante- 
rior wings  are  very  short,  and  the  posterior  wings  are  mem- 
branous, and  are  folded  up  both  longitudinally  and  trans- 
versely, being  useless  for  flight. 

Order  VII.  Neuroptera  (Odonata), — Mouth  usually  mas- 
ticatory ;  wings  four  in  number j  all  membranous^  generally 
nearly  equal  in  size^  traversed  by  numerous  delicate  nervures^  which 
have  a  longitudinal  and  transverse  direction^  thus  giving  them  a 
reticulated^  lace-like  aspect.  Metamorphosis  in  some  groups  incom- 
plete,  in  other  groups  complete.  The  larva  active,  hexapod,  the 
pupa  active  or  quiescent. 

The  order  Neuroptera  includes  a  number  of  Insects  which 
are  so  different  in  their  characters,  habits,  and  metamorphoses. 
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Fig.  237. — Neuroptera.  Aphis-lion  (jOkrytopa 
peridot  imago,  larva,  and  eggs. 


that  they  are  sometimes  placed  in  three  separate  and  special 
groups.  The  first  section  includes  what  may  be  termed  nor- 
mal Neuroptera^  such  as  the  Ant-lions  (MyrmeleantidcB)^  the 
Aphis-lions  {Jlemerobiida,  fig.  237),  the  Scorpion-flies  {Panor- 

pidce),  and  the  Sialida.  The 
second  section  includes  the 
Dragon  -  flies  {Ltbellulida), 
the  May- flies  {Ephemerida\ 
the  Stone-flies  \PerUd(ji)^  the 
White  Ants  {Termitida),  2iiA 
some  less  important  families. 
These  are  often  placed  in 
the  Orihoptera,  under  the 
common  name  of  Pseudo- 
neuroptera.  Lastly,  we  have 
a  section  sometimes  elevat- 
ed to  the  rank  of  a  distinct 
order  under  the  name  of 
Trichopteray  for  the  reception 
of  the  singular  Caddis-flies 
{Phryganeid^y  In  this  group 
the  anterior  wings  are  gener- 
ally hairy,  the  mandibles  are  rudimentary,  the  larva  usually 
resides  in  a  case  formed  of  small  foreign  bodies,  and  the  pupa 
is  inactive  during  the  greater  part  of  its  life. 

Amongst  the  more  remarkable  of  the  Neuroptera  are  the  so-called 
*•  White  Ants  "  or  Termites,  a  brief  description  of  which  may  be  giyen 
here.  The  Termites  are  social  insects,  living  in  organised  communities, 
and  they  are  mostly  inhabitants  of  hot  countries.  (It  must  be  borne  in 
mind  that  though  often  called  "White  Ants,"  they  sund  in  no  relation  to 
the  true  Ants. )  Mr  Bates  has  given  us  an  excellent  description  of  the  habits 
of  these  singular  insects,  from  which  much  of  what  follows  has  been  taken. 

Each  species  of  Termites  consists  of  several  distinct  orders  or  castes, 
which  live  together,  and  constitute  populous,  organised  communities. 
They  inhabit  structures  known  as  "Termitaria,"  consisting  of  mounds 
or  hillocks,  some  of  which  are  "five  feet  high,  and  are  formed  of  par- 
ticles of  earth  worked  into  a  material  as  hard  as  stone."  The  Termitanum 
has  no  external  aperture  for  ingress  or  egress,  as  far  as  can  be  seen,  the 
entrance  being  placed  at  some  distance,  and  connected  with  the  central 
building  by  means  of  covered  ways  and  galleries.  Each  Termitanum  is 
composed  of  "  a  vast  number  of  chambers  and  irregular  intercommunicat- 
ing galleries,  built  up  with  particles  of  earth  or  vegetable  matter,  cemented 
together  with  the  saliva  of  the  insects."  Many  of  **  the  very  lai^e  hiUocks 
are  the  work  of  many  distinct  species,  each  of  which  uses  materials  differ- 
ently compacted,  and  keeps  to  its  own  portion  of  the  tumulus." 

A  family  of  Termites  (fig.  238)  consists  of  a  king  and  queen,  of  the 
workers,  and  of  the  soldiers.  According  to  the  researches  of  Lespb, 
Bates,  and  Fritz  Miiller,  the  workers  and  soldiers  amongst  the  Termites 
are  not  sterile  females,  but  modified  larva,  which  belong  to  both  sexes,  and 
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are  arrested  in  their  development  (or,  rarely,  males  and  females  in  which 
the  reproductive  organs  are  rudimentary).  Fritz  Miiller  has  further  dis- 
covered that,  in  addition  to  the  winged  males  and  females  which  are 
periodically  produced  in  great  numbers,  there  exists  in  some,  if  not  in  all, 


Fig<  938.— Different  individuals  of  the  colony  of  one  of  the  Termites.  A.  The  queen 
before  the  wings  are  shed  ;  D,  The  aueen  aStcr  the  wings  are  thrown  off  and  the  ab- 
domen has  become  greatly  distendea  with  eggs  ;  C,  Worker ;  B,  Soldier. 


of  the  species  a  second  set  of  males  and  females,  which  are  destitute  of 
wines.  These  complementary  males  and  females  never  leave  the  termitary 
in  wliich  they  are  bom ;  and  they  may  take  the  place  of  the  winged  males 
and  females  whenever  a  community  fails  to  secure  a  royal  couple  at  the 
proper  period.  The  royal  couple  are  the  parents  of  the  colony,  and  "are 
always  kept  together,  closely  guarded  by  a  detachment  of  workers,  in  a 
large  chamber  in  the  very  heart  of  the  hive,  surrounded  by  much  stronger 
walls  than  the  other  cells.  They  are  both  wingless,  and  immensely  larger 
than  the  workers  and  soldiers.  The  queen,  when  in  her  chamber,  is  always 
found  in  a  gravid  condition,  her  abdomen  enormously  distended  with  eggs, 
which,  as  fast  as  they  come  forth,  are  conveyed,  by  a  relay  of  workers,  in 
their  mouths,  from  Uie  royal  chamber  to  the  minor  cells  dispersed  through 
the  hive." 

At  the  beginning  of  the  rainy  season  a  number  of  winffed  males  and 
females  are  produced,  which,  when  they  arrive  at  maturity,  leave  the  hive 
and  fly  abroad.  They  then  shed  their  vrings  (a  special  provision  for  this 
existing  in  a  natural  seam  running  across  the  root  of  the  vring  and  dividing 
the  nervures) ;  they  pair,  and  then  become  the  kings  and  queens  of  future 
colonies. 

The  workers  and  the  soldiers  are  distinct  from  the  moment  of  their 
emergence  from  the  egg,  and  they  do  not  acquire  their  special  characteris- 
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tics  in  consequence  of  any  difference  of  food  or  treatment.  Both  are  wing- 
less, and  they  differ  solely  in  the  armature  of  the  head.  The  duties  of  the 
workers  are  to  **  build,  make  covered  roads,  nurse  the  young  brood  from 
the  egg  upwards,  take  care  of  the  king  and  queen,  who  are  the  progeni- 
tors ofthe  whole  colony,  and  secure  the  exit  of  the  males  and  females  when 
they  acquire  wings,  and  fly  out  to  pair  and  disseminate  the  race."  The 
duties  of  the  soldiers  are  to  defend  the  community  from  all  attacks  which 
may  be  made  upon  its  peace,  for  which  purpose  the  mandibles  are  greatly 
developed. 

Sub-class  III.  Holometabola. — Metamorphosis  complete; 
the  larva^  pupa^  and  imago  differing  greatly  from  one  another 
in  external  appearance.  The  larva  vermiform^  and  the  pupa 
quiescent. 

Order  VIII.  Aphaniptera.  —  Wings  rudimentary^  in  the 
form  of  scales  situated  on  the  mesothorax  and  metathorax. 
Mouth  suctorial.     Metamorphosis  complete. 

This  order  comprises  the  Fleas  {Pulicidce),  which  are  para- 
sitic upon  various  animals,  both  Mammals  and  Birds,  each 
species,  as  a  rule,  attacking  some  particular  host.  The  larva 
of  the  common  Flea  {Fuiex  irritans^  fig.  239)  is  an  apodal 


Fig.  339.— A,  The  Common  Flea  {PuUx  trrHatu) ;  B,  Larva  of  the  same ;  C,  Pupa  o 
the  same.    All  the  figures  are  greatly  maggnified.    (After  West  wood.) 

grub,  which  in  about  twelve  days  spins  a  cocoon  for  itself, 
and  becomes  a  quiescent  pupa,  from  which  the  imago  emerges 
in  about  a  fortnight  more. 

The  Chigoe  or  Sand-flea  {Sarcopsylla  penetrans)  ofthe  tropi- 
cal parts  of  America,  is  a  more  serious  pest  than  the  common 
Flea.  It  is,  however,  only  a  parasite  as  regards  the  impreg- 
nated females ;  the  males,  unimpregnated  females,  and  larvae 
leading  a  free  existence.  The  impregnated  females,  however, 
bore  their  way  through  the  skin  of  the  foot  in  the  human  sub- 
ject, and  live  there  till  they  assume  the  size  of  peas,  by  the 
distension  of  the  abdomen  with  eggs,  often  occasioning  great 
local  irritation  and  inflammation.  They  also  live  beneath  the 
skin  of  mice  and  dogs. 
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Many  authorities  regard  the  Aphanipiera  as  a  degraded 
group  of  the  Diptera. 

Order  IX.  Diptera. — The  anterior  pair  of  wings  alone 
developed;  the  posterior  pair  of  wings  rudimentary^  represented 
by  a  pair  of  clubbed  filaments^  called  ^' halteres^""  or  ^^  balancers" 
(fig.  240).     In  a  few  the  wings  are  altogether  wanting.    Mouth 


Fig.  24o.~Diptenu    Crane-fly  {Ti/ttia  oUracea). 

suctorial.  The  metamorphosis  is  complete,  the  larvce  being  gener- 
ally destitute  of  feet ;  but  in  some  cases  (e.g.,  the  Gnats)  the  pupa 
are  aquatic  and  are  actively  locomotive.  In  most  cases,  however, 
the  pupa  are  quiescent. 

The  proboscis  in  the  Diptera  consists  of  a  tubular  labium 
enclosing  the  styliform  or  lancet-shaped  mandibles  and 
maxillae,  and  is  placed  on  the  under  surface  of  the  head. 
Ocelli  are  present  in  addition  to  the  compound  eyes.  The 
wings  are  generally  horizontal  and  transparent,  the  nervures 
not  very  numerous,  and  for  the  most  part  longitudinally  dis- 
posed. The  anterior  wings  usually  have  appended  to  their 
hinder  margin,  at  their  base,  a  pair  of  little  membranous  flaps 
(the  "alula"),  which  are  to  be  regarded  as  separate  and 
detached  elements  of  the  front  wings.  The  antenna  are 
generally  small  and  three -jointed  (Brachycera),  sometimes 
many-jointed  (Tipulidci),  or  feathery  {Culicida).  The  larva  is 
soft  and  fleshy,  with  a  soft  indistinct  head,  usually  apodal. 
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never  with  thoracic  legs,  and  rarely  with  pro-legs.  The  larval 
skin  mostly  forms  a  hardened  case  for  the  pupa,  but  the  larvae 
sometimes  cast  their  skin  when  becoming  pupae,  or  even  spin 
cocoons.  When  the  pupa  is  enclosed  in  the  hardened  larval 
skin,  none  of  its  parts  are  recognisable,  and  it  is  said  to  be 
"  coarctate."  In  other  cases,  the  pupa  has  its  own  investment, 
and  the  limbs  are  enclosed  in  separate  sheaths,  and  are  tliere- 
fore  visible,  when  the  pupa  is  said  to  be  "  obtected."  In  the 
Gnats,  the  larvae  and  pupae  are  aquatic  (fig.  241),  and  the  pupa 


Fig.  241.— The  Common  Gnat  {CuUx  pipiens\  A,  A  few  of  the  eggs,  attached  together 
to  form  a  raft,  which  floats  on  the  water  :  B,  The  larva,  suspended  in  the  waterhead- 
downwards,  and  showing  the  antennse  (a),  the  terminal  respiratory  tube  (r),  and  the 
fins  attached  to  the  extremity  of  the  body^  (/) ;  C,  The  pupa,  with  the  two  respir- 
atory tubes  attached  to  the  thorax ;  D,  The  adult  insect,  with  the  well-developed 
front  wings,  the  rudimentary  hind  wings  or  *'  balancers  "  (A),  the  antennae  (a),  and 
the  proboscis  (/).    All  the  figures  are  greatly  enlarged. 

is  active,  though  it  does  not  feed.  The  larva  breathes  by 
means  of  a  long  tube  attached  to  the  penultimate  segment  of 
the  abdomen,  into  which  the  tracheae  open,  and  which  the 
insect  thrusts  above  the  water  for  the  purpose  of  obtaining 
air.  This  abdominal  tube  has  disappeared  in  the  pupa  (fig. 
241,  C),  respiration  being  now  carried  on  by  means  of  two 
tubes  appended  to  the  dorsal  aspect  of  the  thorax,  which 
project  above  water  when  the  insect  rises  to  the  surface,  and 
which  carry  air  to  the  tracheae. 

In  one  section  of  the  Diptera^  hence  termed  Pupipara^  the 
larvae  continue  to  reside  within  the  mother  until  they  are  just 
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Head^  thorax^  and  abdo- 
WingSyfour  in  number ^ 


ready  to  become  pupae,  and  they  are  bom  in  a  form  closely 
resembling  the  ordinary  pupae  of  the  members  of  the  order. 
In  the  Hessian  Fly  ( Cecidamyia)  the  larva  produces  asexually 
a  number  of  secondary  larvae,  which  are  developed  within  the 
body  of  the  primitive  larva,  and  feed  upon  its  tissues,  ulti- 
mately causing  its  death. 

The  Diptera  constitute  one  of  the  largest  of  the  orders  of 
the  Insecta.  Amongst  the  more  important  forms  included  in 
this  division  may  be  enumerated  the  House-flies,  Bluebottles, 
and  Flesh-flies  (Muscida) ;  the  Gnats,  Midges,  and  Mosquitos 
{Culiddce)\  \ht  Bot-fLi^s  {(Estrida);  the  Gad-flies  ( ra^^^i^/^?) ; 
the  Forest-flies  and  Sheep-ticks  (Hippoboscida) ;  and  the  Crane- 
flies  {Tipulida). 

Order  X.  Lepidoptera. — Mouth  (fig.  226)  suctorial^  can- 
sisiing  of  a  spiral  trunk  or  "  antliaj^  composed  of  the  greatly- 
elongated  maxillce,  and  protected^  when  not  in  use,  by  the  cushion- 
shaped  hairy  labial  palpi,  Maxillce  forming  two  sub-cylindrical 
half-tubes,  united  together  by  inosculating  hooks,  and  constituting 
an  intermediate  tube  by  their  junction.  Maxillary  palpi  minute; 
labrum  and  mandibles  rudimentary, 
men  more  or  less  covered  with  hair, 
covered  with  modified  hairs 
or  scales ;  wanting  in  the 
females  of  a  few  species, 
Nervures  not  very  numer- 
ous, mostly  longitudinal. 
Antenna  composed  of  nu- 
merous minute  joints. 

This  well-known  and 
most  beautiful  of  all  the 
orders  of  Insects  com- 
prises the  Butterflies  (fig. 
242)  and  the  Moths  (fig. 
243) ;  the  former  being 
diurnal  in  their  habits, 
the  latter  mostly  crepus- 
cular or  nocturnal. 

The  larvae  of  Lepidop- 
tera (fig.  242),  commonly  Fie.  842.— Large  white  Cabbage  Butterfly  (/'/mx 
^^11^  ((^^«^*»:i1»*»  w  «•!  ortusicay,  a  Larva  or  caterpillar;  b  Pupa  or 
called    "caterpillars,       are       chrysalis  ;<:  imago  or  perfect  insect. 

vermiform  in  shape,  nor- 
mally composed   of  thirteen   segments,  the  first  of  which 
forms  a  distinct  homy  head,  with  antennae,  jaws,  and  usu- 
ally  simple   eyes.      The   mouth    of  the   caterpillar,    unlike 
that  of  the  perfect  insect,  is  formed  for  mastication.    The 
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labium,  also,  is  provided  with  a  tubular  organ — ^the  "spin- 
neret"— ^which  communicates  with  two  internal  glands,  the 
functions  of  which  are  to  furnish  the  silk,  whereby  the 
animal  constructs  its  ordinary  abode  or  spins  its  cocoon. 
The  viscera  are  embedded  in  a  largely  developed  fatty  tissue 
(epiploon),  which  is  absorbed  by  the  pupa  during  its  period  of 
quiescence.  The  three  segments  behind  the  head  correspond 
with  the  prothorax,  mesothorax,  and  metathorax  of  the  perfect 
insect,  and  each  carries  a  pair  of  jointed  walking-legs.  Besides 
these  thoracic  legs,  there  is  a  variable  number  (generally  five 
pairs)  of  soft  fleshy  legs,  which  are  borne  by  the  segments  of 
the  abdomen,,  and  are  known  as  "  pro-legs."  Each  is  usually 
furnished  with  a  crown  of  one  or  more  rows  of  small  homy 
hooks,  and  they  are  never  attached  to  the  4th,  5th,  loth,  and 
I  ith  segments  behind  the  head  (/.^.,  to  the  ist,  2d,  7th,  or 
8th  abdominal  segments).  The  last  pair  of  pro-legs  are  often 
spoken  of  as  the  "  claspers."  The  larvae  of  the  "  Looper " 
Moths  (jGeonutrido^  have  only  these  and  the  pair  of  pro-legs 
in  front  of  these.  The  larvas  moult  repeatedly,  eat  voraciously, 
and  increase  very  rapidly  in  size.  The  pupae  are  of  the  "  ob- 
tected  "  type,  the  entire  body  being  enclosed  in  a  homy  skin, 
but  showing  the  division  into  thorax  and  abdomen,  and  having 
the  limbs  readily  discernible,  though  enclosed  in  the  chitinous 
pellicle  of  the  chrysalis.  The  form  of  the  pupa  is  very  vari- 
able, and  the  duration  of  the  pupal  stage  differs  much  in  differ- 
ent groups. 

In  the  Diurnal  Lepidoptera,  or  Butterflies  proper  (fig.  242), 
the  antennae  are  generally  knobbed  (hence  the  name  of  Rho- 
palocera  often  given  to  the  group) ;  the  wings  are  usually  held 
erect  when  the  insect  is  in  a  state  of  repose ;  the  larvae  have 
six  thoracic  legs  and  ten  pro-legs ;  and  the  pupae  are  always 
naked,  attached  by  the  posterior  extremity,  or  head  down- 
wards, and  usually  angular.  In  some  cases  the  pupa  is  sus- 
pended, horizontally  or  vertically,  by  a  fibre  of  silk  across  its 
thorax. 

The  Moths  (fig.  243)  constitute  the  largest  section  of  the 
Lepidopteray  and  are  mostly  night-flying  insects,  though  many 
are  "  crepuscular"  in  their  habits — 1.^.,  are  active  in  the  twilight, 
and  a  good  many  forms  are  only  active  during  the  daytime, 
thus  resembling  the  tme  Butterflies  in  habit  The  antennae 
are  exceedingly  variable  in  form,  and  the  name  of  Beteracera 
is  often  given  to  the  Moths  on  this  ground.  They  are  usually 
either  fusiform,  or  they  grow  thicker  from  the  base  to  the  apex, 
or  diminish  in  size  fi-om  the  base  to  the  apex,  and  they  are 
very  commonly  pectinated,  or  fumished  with  lateral  processes, 
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while  they  are  very  rarely  clubbed  at  their  ends.  The  wings 
are  held  in  a  horizontal  position,  or  are  folded  over  the  back, 
when  the  insect  is  at  rest.     In  many  cases  there  is  a  peculiar 


Fig.  343. — Goat-moth  (jCossus  ligniptrdd)  and  caterpillar. 

arrangement  ("retinaculum")  by  which  the  hind-wings  are 
kept  in  contact  with  the  front-wings  during  flight.  The  pupae 
are  never  angular,  and  are  mostly  smooth,  and  they  are  often 
enclosed  in  a  cocoon,  which  the  larva  spins  before  it  passes 
into  the  pupal  stage.  Of  the  larger  Moths  the  principal  fami- 
lies are  the  Sphingida  (Hawk- moths),  the  Bombycida  (Silk- 
moth,  Emperor-moth,  &c.),  and  the  Noctuida  (Night- moths). 
On  the  other  hand,  many  of  the  Moths  {Tineiday  Tortricida^ 
Pyralida,  &c.)  are  of  small  size,  and  are  often  grouped  together 
under  the  name  of  Microlepidoptera, 

Order  XI.  Hymenoptera. —  Wings  foury  membranous^  with 
few  nervures  ;  sometimes  absent.  Mouth  always  provided  with 
biting-jaws  or  mandibles  ;  the  maxilla  and  labium  generally  con- 
verted into  a  suctorial  organ.  Females  having  the  extremity  of 
the  abdomen  furnished  with  an.  ovipositor  (terebra  or  aculeus\  con- 
sisting generally  of  five  or  six  pieces ^  of  which  the  two  outer  form 
a  protective  sheath.     Besides  the  compound  eyes,  there  are 
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usually  three  ocelli  placed  on  the  top  of  the  head.  The  an- 
tennae are  generally  filiform  or  setaceous.  The  metamorphosis 
is  complete,  but  the  various  parts  of  the  pupa  are  visible 
through  the  delicate  enclosing  membrane.  The  larvae  are 
sometimes  provided  with  feet,  and  live  on  vegetable  food  (as 
in  the  Tenthredinida,  fig.  245) ;  but  they  are  mostly  footless, 
without  a  distinct  head,  and  fed  by  the  adult 

The  Hymmoptera  form  a  very  extensive  order,  comprising 
the  Bees,  Wasps,  Ants,  Ichneumons,  Saw-flies,  &c.  The  ovi- 
positor, which  is  characteristic  of  the  females  of  this  order,  is 
very  commonly  modified  so  as  to  constitute  a  saw  (serra),  a 
boring  organ  {terebra),  or  a  sting  (aculeus). 

As  regards  the  principal  groups  of  the  Hymmoptera^  the 
Saw-flies  {Tenthredinida  and  Siricida)  form  a  very  natural  sec- 


Fig.  244.- 


r  Winged  male  of  Ant ;  b  Wingless  worker  of  Ant ;  c  Pupa  of  Ant ;  d  Larva 
of  Ant,  enlarged  ;  *  The  Great  Saw-fly  {Sirtx  gigas). 


tion,  which  is  often  spoken  of  as  that  of  the  Terebrantia^  as  the 
females  have  the  ovipositor  converted  into  a  saw  or  borer. 
The  larvae  of  the  Saw-flies  (fig.  245)  feed  upon  vegetable 
matter,  and  have  pro-legs.  Another  important  group  is  that 
of  the  Gall-flies  {Cynipid(B\  all  of  which  lay  their  eggs  in  the 
soft  tissues  of  plants  (generally  the  leaves).  The  resulting 
"  galls  "  are  due  to  the  abnormal  cell-growth  excited  locally  in 
the  plant  by  the  irritation  caused  by  the  puncture  of  the 
mother's  ovipositor  in  depositing  the  eggs.  The  larvae  are 
footless.  In  the  allied  group  of  .the  Ichneumons  {Ichneumon- 
id(B\  the  larvae  are  also  footless,  and  the  eggs  are  deposited  by 
the  females  in  the  larvae  or  pupae  of  other  insects,  upon  whose 
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tissues  the  young  support  themselves  after  hatching.     All  the 
other  Ifym^ofi/era  haye  the  ovipositor  of  the  female  connected 
with  a  poison-gland,  and  converted  into  a  sting  (not  always 
the  case  in  the  Ants),  and 
they    may    therefore    be 
grouped    together    under 
the  common  title  oi  Acu- 
kata.    The  principal  fami- 
lies  included   under  this 
name  are  the  Ants  {For- 
micida\  the  Wasps  {Ves- 
pida\  the  Hornets  {Crab- 
ronida\  the  Bees  {Apida), 
and     the    Bumble  -  bees 
{Bombida), 

AmoDgst  the  Hymenoptera 
we  find  social  communities,  in 
many  respects  resembling  those 
of  the  Termites,  of  which  a 
description  has  already  been 
given.  The  societies  of  Bees 
and  Ants  are  well  known,  and 
merit  a  short  description. 

The  social  Bees,  of  which 
the  common  Honey-bee  i^Apis 
mellifica)  is  so  familiar  an  ex- 
ample, form  organised  commu- 
nities, consisting  of  three  classes 
of  individuals — the  males,  fe- 
males, and  neuters.  As  a  rule, 
each  community  consists  of  a  single  female — "the  queen" — and  of  the 
neuters,  or  **  workers."  The  impregnation  of  the  female  is  effected  by  the 
production  of  males,  or  "drones,"  during  the  summer.  Alter  impreg- 
nation has  been  effected,  the  drones,  as  being  then  useless,  are  destroy^ 
by  the  workers.  The  eggs  produced  by  the  fecundated  queen  are  mostly 
intended  to  give  origin  to  neuters,  to  which  end  they  are  placed  in  the 
ordinary  cells.  The  ova  which  are  to  give  origin  to  females — the  "  queens  " 
of  future  colonies — ^are  placed  in  cells  of  a  peculiar  construction,  and  the 
larvae  are  fed  by  the  workers  with  a  special  food.  The  ova  which  are  to 
produce  males  are  likewise  placed  in  cells  which  are  slightly  larger  than 
those  allotted  to  the  workers.  This,  however,  is  not  the  sole  or  true 
cause  of  the  production  of  the  males  ;  but  the  ova  which  are  intended  to 
produce  drones  are  not  fertilised  by  the  female  with  the  semen  which  she 
has  stored  up  in  her  spermatheca,  and  are  therefore  produced  by  a  process 
of  parthenogenesis. 

In  the  Bumble-bees  {Bombida),  and  in  the  Wasps  {Vespida),  we 
have  societies  essentially  the  same  as  in  the  Honey-bee.  In  a  large 
community  of  Wasps,  or  "vespiary,"  there  may  be  several  hundred 
females,  of  which  few  survive  the  winter,  and  live  to  found  fresh 
colonies  next  spring.  The  number  of  males  is  about  equal  to  that  of 
the  females,  but,  unlike  the  drones  of  the  Bees,  the  males  work  actively 


Fig.  345.— Gooseberry  ^yt-fLy{TeHtkr*dogrctsu- 
iaria)t  larva,  pupa,  and  imago. 
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and  defend  the  nest.  As  amongst  the  Bees,  solitary  species  are  not 
uncommon. 

The  Ants  {Formidda)  likewise  form  communities,  consisting  of  males, 
females,  and  neuters  (fig.  244).  The  males  and  females,  as  we  have  seen 
in  the  case  of  the  Termites,  are  winged,  and  are  produced  in  great  num- 
bers at  a  particular  period  of  the  year.  They  then  quit  the  nest  and  pair, 
after  which  the  males  die.  The  females  then  lose  their  wings  and  fall  to 
the  ground,  when  they  become  the  queens  of  fresh  societies.  In  some 
Ants,  as  in  the  Termites,  the  neuters  are  divided  into  two  classes— the 
workers  and  the  soldiers — of  which  the  former  perform  all  the  duties  neces- 
sary for  the  preservation  of  the  society  except  defending  the  nest,  this  being 
left  to  the  soldiers.  In  other  cases,  as  many  as  three  distinct  orders  or 
**  castes  "  of  neuters  mav  be  present  in  the  same  nest. 

Amon^t  the  more  smgular  of  the  habits  and  instincts  of  Ants  two  may 
be  mentioned — the  instinct  of  making  slaves,  and  that  of  milking,  so  to 
speak,  the  little  Plant-lice  {Aphides).  As  r^ards  the  first  of  these,  it  is 
found  that  certain  Ants  possess  the  extraordinary  instinct  of  capturing  the 
pupae  of  other  species  of  Ants,  and  bringing  them  up  as  slaves.  The 
relations  between  the  masters  and  the  slaves  vary  a  good  deal  in  different 
species.  In  the  case  of  Polyergus  rufescenSy  for  instance,  the  masters  are 
entirely  dependent  upon  their  slaves ;  the  males  and  females  do  nothing 
except  reproducing  the  species,  and  the  neuters  perform  no  other  labour 
except  that  of  capturing  fresh  slaves.  The  masters  are  in  this  case  unable 
even  to  feed  themselves,  and  their  existence  is  maintained  entirely  by  the 
devotion  of  the  slaves.  In  Formica  sanguinea^  on  the  other  hand,  the 
number  of  slaves  is  much  less,  and  both  masters  and  slaves  occupy  them- 
selves in  performing  most  of  the  duties  necessary  for  the  community.  The 
masters,  however,  go  alone  when  on  slave-making  expeditions ;  and  in  case 
of  a  migration,  the  masters  carry  the  slaves  in  their  mouths. 

A  second  singular  fact  in  the  history  of  Ants  is  found  in  the  relations 
which  subsist  between  them  and  the  Aphides^  or  Plant-lice.  The  Aphides 
secrete,  or  rather  excrete,  a  peculiar  viscid  and  sweet  liquid,  by  means  of 
two  tubular  filaments  (**cornicula")  which  open  externally  towards  the 
hinder  extremity  of  the  abdomen.  Ants  are  extremely  fond  of  this  excre- 
tion, and  it  is  a  well-established  fact  that  the  Aphides  allow  themselves 
to  be  milkedf  as  it  were,  by  the  Ants.  For  this  purpose  the  Ant  touches 
and  caresses  the  abdomen  of  the  Aphis  with  its  antennae,  whereupon  the 
latter  voluntarily  exudes  a  drop  of  the  coveted  fluid. 

The  belief  that  our  European  Ants  stored  up  grain  for  winter  consump- 
tion, though  generally  asserted  by  the  ancients,  nas  been,  until  recently, 
discredited  by  scientific  observers,  upon  the  ground  that  our  Ants  are 
known  to  be  carnivorous  in  their  habits.  Mr  Moggridge  has,  however, 
recently  shown  that  there  are  exceptions  to  this  rule,  and  that  some  of  the 
Ants  of  the  south  of  Europe  (such  as  some  of  the  species  of  Attd)  not  only 
eat  vegetable  food,  but  really  execute  the  feats  imputed  to  them  b^  the 
old  writers.  They  do,  namely,  store  up  a  provision  of  grain  for  the  winter, 
and  they  prevent  this  from  germinating  by  gnawing  the  radicle. 

Order  XIL  Strepsiptera. — Females  without  wings  arfeety 
parasitic.  Males  possessing  the  posterior  pair  of  wings,  which 
are  large,  membranous,  and  folded  longitudinally  like  a  fan. 
The  anterior  pair  of  wings  rudimentary,  represented  by  a  pair  of 
singular  twisted  organs.    Jaws  rudimentary. 

The  Strepsiptera  constitute  a  small  order,  which  includes 
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certain  parasites  of  minute  size,  found  on  Bees  and  other 
Hymenoptera,  The  female  is  a  soft  vermiform  grub,  without 
feet  or  wings,  but  with  a 
homy  head,  which  it  pro- 
trudes from  between  the  ab- 
dominal segments  of  its  host. 
The  larvae  are  active,  and 
possess  six  feet;  whilst  the 
males  (fig.  246)  are  winged, 
and  fly  about  with  great 
activity. 

The  Strepsiptera  are  now 
very  generally  regarded  as 
an  anomalous  and  degraded 
group  of  the  Cokoptera. 

Order  XIII.  Coleoptera. 
—  Mouth    masticatory,  fur- 
nished with  an  upper  lip  or  labrum,  two  mandibles,  two  maxillae 
with  maxillary  palpi  (generally  four-jointed),  and  a  movable  lower 
lip  or  labium,  with  two  jointed  labial  palpi.     The  four  wings  are 
usually  present,  and  the  anterior  pair  are  not  adapted  for  Aight, 


Fig.  246. — Strepsiptera.  Sty  lops  Spencii,  great* 
]y  magnified  (after  WestwoodX 


Fig.  247. — Coleoptera.  A,  Cicitulela  camptstris^  the 
Tiger-beetle^  enlar^^ed.  6,  Larva  of  the  same, 
enlarged.     C,  Dytiscus  margiuaUst  male. 


Fig.  248.— a  Rose-chafer 
{Cttonia  auratd)  and 
larva. 


hut  are  hardened  by  chitine,  so  as  to  form  protective  cases  {elytra) 
for  tite  posterior  wings  (fig.  247).  The  inner  margins  of  the 
elytra  are  generally  straight,  and  when  in  contact  they  form  a 
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longitudinal  suture.  The  posterior  wings  are  membranous^  and 
when  not  in  use  are  folded  transversely  beneath  the  elytra, 
(Amongst  deviations  from  this  state  of  parts  may  be  men- 
tioned the  occasional  absence  or  rudimentary  condition  of  the 
hinder  wings,  the  soldering  together  of  the  elytra,  the  soft  and 
yielding  condition  of  the  elytra,  or  the  absence  of  both  elytra 
and  wings.)  The  eyes  are  always  compound,  generally  circu- 
lar, oval,  or  reniform,  but  sometimes  completely  divided.  The 
antennae  are  extremely  variable  in  form,  generally  of  eleven 
joints,  sometimes  of  fewer,  rarely  of  twelve  or  more.  The 
thorax  is  composed  of  a  pro-  meso-  and  meta-thorax,  but  when 
the  elytra  are  closed,  only  the  prothorax  and  a  little  plate 
("  scutellum  ")  belonging  to  the  mesothorax  are  visible.  The 
tarsus  is  generally  composed  of  five  joints,  sometimes  fewer, 
never  more,  and  its  last  joint  is  usually  furnished  with  two 
hooked  claws. 

The  larvae  of  Coleoptera  (figs.  247,  248)  are  generally  com- 
posed of  thirteen  segments,  including  the  head.  The  body 
is  generally  soft  and  fleshy,  the  head  homy,  and  the  mouth 
adapted  for  mastication,  the  food  being  sometimes  of  an 
animal  and  sometimes  of  a  vegetable  nature.  The  antennas 
are  small,  usually  of  three  or  four  joints,  with  ocelli  at  their 
bases.  They  have  three  pairs  of  legs  attached  to  the  thorax, 
and  rarely  anal  pro-legs  or  fleshy  tubercles ;  or  they  may  be 
devoid  of  feet  (as  in  the  Weevils).  The  pupa  is  sometimes 
enclosed  in  a  cocoon,  and  is  always  quiescent ;  and  the  parts 
of  the  perfect  insect  are  always  distinctly  recognisable  in  the 
pupa. 

The  order  Coleoptera  includes  all  those  insects  commonly 
known  as  "  Beetles,"  and  comprises  an  enormous  number  of 
genera  and  species.  They  are  remarkable,  as  a  general  rule, 
for  their  hard  polished  integument,  their  glittering,  often 
metallic  colours,  and  their  voracious  habits. 

The  order  Coleoptera  was  divided  by  Latreille  into  four  sections,  in 
accordance  with  the  number  of  the  joints  in  the  tarsi ;  and  though  the 
resulting  arrangement  is  not  strictly  natural,  this  classification  is  generally 
followed.     The  four  sections  founded  by  Latreille  are : — 

1.  Trimera. — Tarsus  three>jointed.     Ex.  Lady-birds  [Coccinellidte), 

2.  Tetramera. — Tarsus  four-jointed.     Ex,    The  Longicorn   Beetles 

(Longicomia)y  the  Weevils  (Rkynchophora),  &c. 

3.  IIeteromera. — Tarsus  of  the  two  anterior  pairs  of  legs  five-jointed, 

of  the  posterior  pair  four-jointed.    Ex.  The  Blister-beetles  {Can- 
tharida),  and  the  great  family  of  the  Tenebrionida, 

4.  Pentamera. — Tarsus  five-jointed  in   all  the  legs.     Ex.    Soldier- 

beetles  {TeUphorus)f  Glow-worm  {Lampyrts)^  tne  Elaterida  (the 
larvae  known  as  '*  Wire- worms  ")f  the  beautiful  Buprestida^  the 
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great  group  of  the  Lamellicorn  Beetles  (such  as  the  Stag-beetle, 
Cockchafer,  Dung-beetle,  &c. ),  the  Burying  Beetles  {Necraphorus\ 
the  Devirs-coach-horses  [Staphylinida)^  the  Water-beetles  {Hydro- 
philida  and  Dytiscida:)^  the  Whirligigs  {Gyrinida),  the  Ground- 
beetles  (Carabida)t  and  the  Tiger-beeUes  (Cicindeiida), 
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MOLLUSCOIDEA. 


CHAPTER    XXXVI. 

POL  YZOA. 

We  may  consider  here,  under  the  name  of  Molluscoidea^  the 
two  groups  of  animals  which  are  known  respectively  as  the 
Polyzoa  and  the  Brachiopoda,  These  two  groups,  in  many 
respects  closely  allied  to  one  another,  present  affinities  on  the 
one  hand  to  the  Worms,  and  on  the  other  hand  to  the  Mol- 
lusctty  with  both  of  which  they  have  been  arranged  by  different 
systematists.  In  the  present  state  of  our  knowledge,  however, 
it  seems  best  to  consider  these  two  groups  separately,  without 
referring  them  definitely  to  either  of  the  two  sub-kingdoms 
above-mentioned.  The  Tunicates,  which  have  also  often 
been  included  amongst  the  Molluscoids,  may  likewise  be  in 
the  meanwhile  regarded  as  a  separate  division,  which  finds 
its  most  natural  position  between  the  Mollusca  and  the 
Vertebrata, 

The  Molluscoidea  may  be  briefly  defined  as  unsegCQented, 
simple  or  compound  animals,  with  bilateral  symmetr}r.  The 
mouth 'is  furnished  with  a  crown  of  ciliated  tentacles,  ox  with 
spirally-rolled  ciliated  processes.  The  nervous  system  con- 
sists of  a  single  ganglion,  or  t)f  an  oesophageal  nerve-ring 
with  more  than  one  ganglion.  A  heart  is  absent  or  present. 
Under  this  head  may  be  placed  the  two  classes  of  the  Polyzoa 
and  the  Brachiopoda. 

Polyzoa. 

Class  I.  Polyzoa  (Bryozoa), — The  members  of  this  class 
are  mostly  composite  animals^  each  zooid  of  which  possesses, 
typically,  a  freely  suspended  alimentary  canal  with  mouth  and 
anus,  enclosed  within  a  double-walled  scu.     The  mouth  is  sur- 
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rounded  with  a  circle  or  crescent  of  hollow  ciliated  tentacles^  and 
the  nervous  system  consists  of  a  single  ganglion  placed  between 
the  mouth  and  the  anus. 

With  the  single  exception  of  the  genus  Loxosoma,  all  the 
Polyzoa  live  in  an  associated  form  in  colonies  or  "  polyzoaria," 
which  are  sometimes  foliaceous  (fig.  249),  sometimes  branched 


Fig.  ^t^—Fiustra /olutcea^  OTit  of  the  Sea-mats,  a  Portion  of  the  colony,  natural 
size  ;  b  A  fragment  magniAed,  to  show  the  cells  in  whidi  the  separate  polypides  are 
contained. 

and  plant-like,  sometimes  encrusting,  and  very  rarely  are  free. 
Each  "  polyzoarium  "  consists  of  an  assemblage  of  distinct  but 
similar  zooids  arising  by  continuous  gemmation  from  a  single 
primordial  individual.  The  colonies  thus  produced  are  in 
very  many  respects  closely  similar  to  those  of  many  of  the 
Hydroid  Polypes,  with  which,  indeed,  the  Polyzoa  were  for  a 
long  time  classed. 

In  the  Polyzoa,  the  entire  colony — or  its  entire  dermal  system 
— is  called  the  "polyzoarium"  or  "coenoecium";  the  separate 
zooids  are  called  "polypides";  and  the  little  chambers  in 
which  each  is  contained  are  called  the  "cells,"  or  "zooecia." 
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The  structure  of  a  typical  polypide  of  a  Polyzo'dn  is  thus  de- 
scribed by  Professor  AUman  (figs.  250  and  251) : — 

"Let  us  imagine  an  alimentary  canal,  consisting  of  oeso- 
phagus, stomach,  and  intestine,  to  be  furnished  at  its  origin 


2   - 


Fig.  350. — Diagram  showing  the  structure 
of  a  single  polypide  of  a  Polvzoan  (after 
Busk).  7  Tentacles ;  m  Mouth ;  g  Nerve- 
ganglion;  <r  Gullet;  s  Stomxu:h;  i  In- 
testine ;  a  Anus ;  o  Ovary ;  x  Testis ;  z 
Funiculus;  <^ Aperture  of  the  zooecium; 
V  Tentacular  sheath  ;  d  Perivisceral  cav- 
ity ;  r  Retractor  muscles. 


Fig.  351.— A  single  polypide  of  Bower- 
oanln'a,     greatly     enlargi 
Hincks.)     sA   Tentacular   sheath; 


ilarged.       (After 


Cell-wall ;  s  Common  stem  or  stolon, 
from  which  the  polypides  are  budded 
off;  <:  Cardiac  valve  of  gullet;  g  Giz- 
zard ;  St  The  stomach  proper ;  tnt  In- 
testine ;  /Funiculus. 


with  long  ciliated  tentacula,  and  to  have  a  single  nervous  gan- 
glion placed  upon  one  side  of  the  oesophagus.  Let  us  now 
suppose  this  canal  to  be  bent  back  upon  itself  towards  the 
side  of  the  ganglion,  so  as  to  approximate  the  termination  to 
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the  origin.  Let  us  further  imagine  the  digestive  tube  thus 
constituted  to  be  suspended  in  a  fluid  contained  in  a  mem- 
branous sac  with  two  openings,  one  for  the  mouth  and  the 
other  for  the  vent,  the  tentacula  alone  being  external  to  the 
sac.  Let  us  still  further  suppose  the  alimentary  tube,  by  means 
of  a  system  of  muscles,  to  admit  of  being  retracted  or  pro- 
truded according  to  the  will  of  the  animal;  the  retraction 
being  accompanied  by  an  invagination  of  the  sac,  so  as  par- 
tially or  entirely  to  include  the  oral  tentacles  within  it ;  and  if 
to  these  characters  we  add  the  presence  of  true  sexual  organs 
in  the  form  of  ovary  and  testis,  occupying  some  portion  of  the 
interior  of  the  sac,  and  the  negative  character  of  the  absence 
of  all  vestige  of  a  heart,  we  shall  have,  perhaps,  as  correct 
an  idea — apart  from  all  considerations  of  homology  or  deriva- 
tion from  an  archetype — as  can  be  conveyed  of  the  essential 
structure  of  a  Polyzoon  in  its  simplest  and  most  generalised 
condition. 

"To  give,  however,  more  actuality  to  our  ideal  Polyzoon^ 
we  may  bear  in  mind  that  the  immediately  investing  sac  has 
the  power,  in  almost  every  case,  of  secreting  from  its  external 
surface  a  secondary  investment,  of  very  various  constitution 
in  the  different  groups ;  and  we  may,  moreover,  conceive  of 
the  entire  animal  with  its  digestive  tube,  tentacula,  ganglion, 
muscles,  generative  organs,  circumambient  fluid,  and  investing 
sac,  repeating  itself  by  gemmation,  and  thus  producing  one 
or  more  precisely  similar  systems  holding  a  definite  position 
relatively  to  one  another,  while  all  continue  organically  united, 
and  we  shall  then  have  the  actual  condition  presented  by  the 
Polyzoa  in  their  fully-developed  state." 

The  vast  majority  of  the  Polyzoa  are  fixed,  but  this  is  not 
universally  the  case.  Thus  the  singular  fresh-water  Cristatdla 
is  free  and  locomotive,  creeping  about  by  means  of  a  flattened 
discoid  base,  not  unlike  the  foot  of  the  Gastropoda ;  and  the 
polyzoary  seems  to  have  been  unattached  in  a  few  other  forms 
{Selenartay  Cupularia,  &c.) 

The  two  fundamental  structures  of  the  ^*polypide"  of  a 
Polyzoon — viz.,  the  immediately  investing  sac,  and  its  second- 
ary investment — are  sometimes  termed  the  "  endoderm  "  and 
"  ectoderm  " ;  but  as  these  terms  are  employed  in  describing 
the  Hydrozoa^  it  is  better  to  make  use  of  the  terms  "  endocyst " 
and  "  ectocyst,"  proposed  by  Dr  Allman. 

The  "  ectocyst,"  or  external  investment  of  the  coenoecium, 
is  usually  a  brown,  pergamentaceous,  probably  chitinous,  but 
often  highly  calcareous,  membrane ;  and  it  is  by  the  ectocyst 
that  the  "cells"  are  formed.   '"In   Cristatellay  alone  of  the 
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Polyzoa^  there  is  no  ectocyst ;  and  in  Lophopus  {^g,  253,  3) 
and  in  the  curious  Pectinatdla  the  ectocyst  is  gelatinous  in  its 
consistence. 

The  "cells"  or  "zooecia"  of  the  Polyzoa  vary  extremely 
in  form  and  structure  in  different  groups.  In  the  so-called 
"  Cyclostomatous "  Polyzoa  the  cells  are  tubular,  and  end  in 
round  terminally-placed  mouths,  which  have  no  special  ap- 
paratus for  their  closure.  On  the  other  hand,  in  the  so-called 
"  Cheilostoraatous  "  Polyzoa^  the  cell  -  apertures  are  usually 
placed  on  the  front  face  of  the  cells  towards  one  end,  and 
they  have  their  orifices  closed  by  a  movable  opercular  valve. 
Though  the  separate  zooecia  of  a  Polyzoan  colony  are  usually 
apparently  quite  separate  and  distinct  from  one  another, 
except  by  continuity  of  their  external  investment,,  it  has  been 
shown  that  contiguous  cells  are  commonly  placed  in  direct 
connection  with  one  another  by  what  have  been  called  by 
Hincks  "communication-plates."  These  are  portions  of  the 
cell-wall  pierced  by  one  or  more  minute  pores  which  transmit 
processes  of  the  structure  which  will  be  subsequently  de- 
scribed as  the  "endosara" 

In  many  cases  the  ectocyst  is  provided  with  singular  ap- 
pendages, supposed  to  be  weapons  of  defence,  or  organs  of 
prehension,  termed  "avicularia"  and  "vibracula."  The  avic- 
ularia,  or  "bird's-head  processes"  (fig.  252,  B  and  C),  differ  a 
good  deal  in  shape,  but  consist  essentially  of  "a  movable 
mandible  and  a  cup  furnished  with  a  horny  beak,  with  which 
the  point  of  the  mandible  is  capable  of  being  brought  into 
apposition"  (£usk).  In  shape  the  avicularia  often  closely 
resemble  the  head  of  a  bird,  and  they  are  in  many  respects 
comparable  with  the  "  pedicellariae "  of  the  Echinodermata^ 
Iceeping  up  a  constant  snapping  movement  which  continues 
long  after  the  death  of  the  general  colony.  In  the  "  vibra- 
cula" (fig.  252,  A),  the  place  of  the  mandible  of  the  avicu- 
larium  is  taken  by  a  bristle,  or  seta,  which  is  capable  of  exten- 
sive movement. 

In  many  of  the  marine  Polyzoa^  the  cells  are  likewise 
furnished  with  globular  sacs  or  pouches  appended  to  one  end, 
and  serving  as  marsupial  pouches  for  the  ova  (fig.  252,  A). 
These  brood-pouches  (known  as  the  "ovicells"  or  "ooecia") 
are  periodically  produced,  and  the  eggs  are  conveyed  into 
them  from  the  perivisceral  cavity  of  the  parent-cell.  Ulti- 
mately the  ciliated  embryos  are  liberated  from  the  ovicell,  and 
escape  into  the  surrounding  water. 

There  is  every  reason  to  regard  the  vibracula,  avicularia, 
and  ovicells  as  not  being  mere  appendages  of  the  ccencecium, 
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but  rather  as  being  specially  modified  zooids.  Good  authori- 
ties also  believe  that  the  "  cells  "  or  "  zooecia  "  themselves  are 
not  to  be  regarded  as  mere  skeletal  structures,  but  that  they 


Fig.  252. — A,  Three  cells  of  Mastigopkora  Hyndmanni^  showing  vibracula  (r).  The 
left-hand  cell  also  shows  an  ooecium.  B,  Sessile  avicularium  of  Scruiocellaria 
scrupcsa;  and  C,  Pedunculate  avicularium.  a  Mandible  ;  b  Beak;  c  Chamber  of 
the  avicularium ;  m  Muscles ;  /  Peduncle.  All  the  figures  are  enlarged.  (After 
Hindcs  and  Busk.) 

have  a  life  independent  of  that  of  their  contained  polypides, 
and  that  they  can  continue  to  live  and  produce  new  polypidea. 
after  the  death  of  the  latter.  They  are  regarded,  in  fact,  as 
separate  zooids.  This  view  is  supported  by  the  fact  that  the 
life  of  the  cell  is  quite  independent  of  that  of  the  contained 
polypide.  It  is,  indeed,  a  common  phenomenon  for  the  poly- 
pide  to  degenerate  and  die,  and  to  be  replaced  by  a  new 
polypide  budded  out  from  the  zooecium. 

The  endocyst  is  always  soft,  contractile,  and  membranous ; 
and,  according  to  Sars,  is  wanting  in  Rhabdopleura.  It  lines 
the  interior  of  the  cells  formed  by  the  ectocyst,  and  is  reflected 
backwards  at  the  mouth  of  the  cell,  so  as  to  be  invaginated, 
or  inverted  into  itself  (forming  the  so-called  "tentacular 
sheath ") ;  and  it  finally  terminates  by  being  attached  to  the 
base  of  the  circlet  of  tentacles.  This  invagination  of  the 
endocyst  is  more  or  less  permanently  present  in  all  the  fresh- 
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water  Polyzoa,  The  epithelium  lining  the  inner  surface  of  the 
endocyst  is  furnished  with  vibratile  cilia. 

The  mouth  of  each  polypide  is  surrounded  by  a  crown  of 
tubular,  non-retractile  tentacles,  which  have  their  sides  ciliated, 
and  are  arranged  sometimes  in  a  circle  and  sometimes  in  a 
crescent.  In  the  fresh-water  Polyzoa  the  tentacles  are  united 
towards  their  bases  by  a  funnel-shaped  membrane,  known  as 
the  "  calyx."  The  tentacles  are  borne  on  a  kind  of  disc,  or 
stage,  which  is  termed  by  Professor  Allman  the  "  lophophore." 

In  the  majority  oi  Polyzoa — including  almost  all  the  marine 
species — the  lophophore  is  circular  (fig.  253,  2) ;  but  in  most 


Fig.  253.— I.  Frapient  of  Flustra  truncata^  one  of  the  Sea-mats,  natural  size.  2.  A 
single  polypide  of  Valkeria^  magnified,  showing  the  orbicular  crown  of  tentacles. 
3.  A  polsqpide  of  Lophcpus  crvstallinus^  a  fresh-water  Polyzodn,  highly  magnified, 
showing  the  horse-shoe-shaped  crown  of  tentacles,  a  Tentacular  crown ;  *  Gullet ; 
c  Stomach ;  d  Intestine ;  e  Anus ;  g  Gizzard ;  *  Endocyst ;  / Ectocyst ;  /Funiculus. 

of  the  fresh-water  forms  it  has  its  neural  side  extended  into 
two  long  arms,  so  that  the  entire  lophophore  becomes  crescen- 
tic  or  "  horse-shoe-shaped  "  (fig.  253,  3) ;  hence  this  section  is 
sometimes  collectively  termed  the  "  Hippocrepian  "  Polyzoa. 
In  all,  or  almost  all,  the  Polyzoa  in  which  this  crescentic  con- 
dition of  the  lophophore  exists,  there  is  also  a  singular  valve- 
like organ  which,  springing  from  the  anal  side  of  the  lopho- 
phore, arches  over  the  mouth,  and  is  termed  the  "  epistome." 
It  has  been  compared  with  the  "  foot  "  of  the  Mollusca.  The 
only  marine  forms  in  which  the  lophophore  is  bilateral  are 
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Pedicdlina  and  Rhabdopleura ;  the  only  fresh-water  species 
in  which  the  lophophore  is  orbicular  are  Paludicella  and 
UrncUella, 

The  mouth  conducts  by  an  oesophagus  into  a  dilated 
stomach.  In  some  cases  a  pharynx  may  be  present,  and  in 
others  there  is  in  front  of  the  stomach  a  muscular  proventri- 
cuius,  or  gizzard.  From  the  stomach  proceeds  the  intestine, 
which  shortly  turns  forward  to  open  by  a  distinct  anus  close 
to  the  mouth.  As  the  nervous  ganglion  is  situated  on  that 
side  of  the  mouth  towards  which  the  intestine  turns  in  order 
to  reach  its  termination,  the  intestine  is  said  to  have  a  "neural 
flexure " ;  and  this  relation  is  constant  throughout  the  entire 
class. 

Respiration  in  the  Polyzoa  appears  to  be  carried  on  by  the 
ciliated  tentacles,  and  by  the  "perigastric  space,"  which  is 
filled  with  a  clear  fluid,  containing  solid  particles  in  suspen- 
sion. A  kind  of  circulation  is  kept  up  in  this  "perigastric 
fluid "  by  means  of  the  cilia  lining  the  inner  surface  of  the 
endocyst  Beyond  this  there  is  nothing  that  could  be  called 
a  circulation,  and  there  are  no  distinct  circulatory  organs  of 
any  kind. 

The  nervous  system  in  all  the  Polyzoa  consists  of  a  single 
small  ganglion  (fig.  250,  g\  placed  upon  one  side  of  the  oeso- 
phagus, between  it  and  the  anal  aperture,  and  apparently 
really  of  a  double  nature. 

The  so-called  "  colonial  nervous  system  "  of  the  Polyzoa  is 
now  generally  regarded  as  not  being  of  a  nervous  nature,  and 
it  is  usually  spoken  of  as  the  "endosarc"  This  singular 
system  commences  as  a  peculiar  cellular  cord,  the  "  funiculus  " 
(figs.  250  and  251),  which  stretches  from  the  base  of  the 
stomach  to  the  bottom  of  the  zooecium,  and  upon  which  the 
testis  is  developed.  At  the  point  where  the  funiculus  is  fixed 
to  the  bottom  of  the  cell,  a  perforation  in  the  ectocyst  exists, 
and  filaments  of  the  funiculus  thus  either  pass  into  adjacent 
polypides,  or  become  connected  with  a  common  branched 
fibre  which  runs  through  the  stolons  of  the  colony  (as  in 
Bowerbankiay  fig.  251).  In  many  cases  the  endosarcal  cords 
give  off  branching  fibres,  and  they  have  a  general  likeness 
to  a  nervous  system.  Histologically,  however,  the  endosarc 
does  not  consist  of  nervous  elements,  and  it  may  be  regarded 
as  a  kind  of  ccenosarcal  structure,  which  is  largely  connected 
with  the  production  of  the  generative  elements,  and  from 
which,  possibly,  the  polypides  are  produced  by  gemmation. 

The  muscular  system  is  well  developed,  and  consists  of 
various  muscular  bands,  with  special  functions  attaching  to 
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each.  The  most  important  fasciculi  are  the  retractor  muscles 
(fig.  250,  r),  which  retract  the  upper  portion  of  the  polypide 
within  the  cell.  These  muscles  arise  fi*om  the  inner  surface  of 
the  endocyst  near  the  bottom  of  the  cell,  and  are  inserted  into 
the  upper  part  of  the  oesophagus.  The  polypide,  when  re- 
tracted, is  again  exserted,  chiefly  by  the  action  of  the  "  parietal 
muscles,"  which  are  in  the  form  of  circular  bundles  running 
transversely  round  the  cell. 

'  The  great  majority  of  the  Polyzoa  are  hermaphrodite,  each 
polypide  containing  an  ovary  and  testis  (fig.  250).  The  ovary 
may  be  situated  near  the  summit  of  the  cell,  attached  to  the 
inner  surface  of  the  endocyst;  or  it  may  spring  from  the 
"  funiculus."  The  testis  is  always  situated  towards  the  bottom 
of  the  cell,  and  is  attached  to  the  "  funiculus."  There  are  no 
proper  efferent  ducts  to  the  reproductive  organs,  and  the  gen- 
erative elements  are  set  free  into  the  perigastric  space.  In 
some  cases  the  spermatozoa  are  expelled  from  the  polypide 
which  produced  them  (in  some  cases  by  organs  corresponding 
with  "  segmental  organs  ")  \  but  in  other  cases  the  ova  appear 
to  be  fecundated  within  the  body-cavity  of  the  parent  polypide. 
The  fertilised  ova  may  pass  into  ooecia  (when  these  structures 
are  present),  or  the  embryos  may  be  hatched  within  the 
perivisceral  cavity  of  the  parent.  The  precise  mode  in  which 
the  larvae  in  these  cases  ultimately  gain  the  exterior,  differs  in 
those  instances  in  which  it  h'as  been  investigated,  and  in  many 
types  is  not  known  at  all. 

As  already  mentioned,  continuous  gemmation  occurs  in  all 
the  Polyzoa  (with  the  exception  of  Loxosoma\  the  fresh  zooids 
thus  produced  remaining  attached  to  the  organism  from  which 
they  were  budded  forth,  and  thus  giving  rise  to  a  compound 
growth. 

A  form  of  discontinuous  gemmation,  however,  occurs  in  many  of  the 
Polyzoa,  in  which  certain  singular  bodies,  called  "statoblasts,"  are  devel- 
oped in  the  interior  of  the  polypide.  The  statoblasts  are  found  in  certain 
seasons  lying  loose  in  the  perigastric  cavity.  In  form  '*they  may  be  gen- 
erally described  as  lenticular  bodies,  varying,  according  to  the  species, 
from  an  orbicular  to  an  elongated-oval  figure,  and  enclosed  in  a  homy 
shell,  which  consists  of  two  concavo-convex  discs  united  by  their  margins, 
where  they  are  further  strengthened  by  a  ring  which  runs  round  the  entire 
margin,  and  is  of  different  structure  from  the  discs.  .  .  .  When  the  stato- 
blasts are  placed  under  circumstances  favouring  their  development,  they 
open  by  the  separation  from  one  another  of  the  two  faces,  and  there  then 
escapes  from  them  a  young  Polyzoon,  already  in  an  advanced  stage  of  de- 
velopment, and  in  all  essential  respects  resembling  the  adult  individual  in 
whose  cell  the  statoblasts  were  produced  "  ( Allman).  The  statoblasts  are 
formed  as  buds  upon  the  "funiculus" — the  cord  already  alluded  to  as  ex- 
tending from  the  testis  to  the  stomach — upon  which  they  may  visually  be 
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saen  In  different  stages  of  growth.  They  do  not  appear  to  be  set  free  from 
the  perigastric  space  prior  to  the  death  of  the  adult,  and  when  liberated 
they  are  enabled  to  float  near  the  surface  of  the  water,  in  consequence 
of  the  cells  of  the  marginal  ring,  or  **  annulus,"  being  spongy  and  filled 
with  air.  They  must  be  looked  upon  as  **gemma  peculiarly  encysted, 
and  destined  to  remain  for  a  period  in  a  quiescent  or  pupa-like  state" 
(Allman). 

As  regards  the  development  of  the  Polyzoa^  the  embryo 
upon  its  emergence  from  the  ovum  presents  itself  as  a  ciliated, 
free-swimming,  sac-like  body,  from  which  the  polypide  is  sub- 
sequently produced  by  a  process  of  gemmation. 

According  to  the  classification  proposed  by  Nitsche,  and 
now  generally  adopted,  the  Polyzoa  are  divided  into  the  two 
primary  sections  of  the  Entoprocta  and  the  Ectoprocia,  to  which 
a  third  must  be  added,  under  the  name  oi  Aspidophora,  for 
the  reception  of  the  anomalous  Rhabdopleura,  The  following 
are  the  principal  groups  of  the  Polyzoa  : — 

A.  ECTOPROCTA. 

Mouth  within  the  circle  of  tentacles ;  anus  dorsal  and  outside  the  ten- 
tacular circle ;  lophophore  crescentic  or  circular. 

Sub-order  I.  Phylactolamata, 
,,       ,,   II.  Gymnolamata, 

The  Phylactolaematous  Polvzoa  are  inhabitants  of  fresh  water,  and  the 
lophophore  is  bilateral  and  norse-shoe-shaped  in  all  except  Fredericella, 
They  also  possess  the  peculiar  valve-like  organ,  arching  over  the  mouth, 
which  is  knovm  as  the  ''epistome,"  and  which  possibly  corresponds  with- 
the  Molluscan  "foot."  The  division  of  the  GymnoUemcUa,  on  the  other 
hand,  includes  the  fresh-water  genera  Paludicelia  and  Umatella  and  the 
vast  majority  of  the  marine  Polysoa.  In  this  section  the  lophophore  is 
circular,  and  there  is  no  epistome.  Of  the  marine  Polyzoa^  the  sub-order 
of  the  Cheilostomata  is  the  most  important,  as  embracing  the  greater  num- 
ber of  the  common  forms.  In  these,  the  opening  of  the  cell  is  sub-terminal, 
and  is  generally  closed  by  a  movable  lip  or  shutter.  On  the  other  hand, 
in  the  sub-order  Cyclostomatay  the  cells  are  tubular,  the  orifices  terminal, 
of  the  same  diameter  as  the  cell  itself,  and  without  any  movable  apparatus 
for  closure.  Lastly,  in  the  singular  group  of  the  Ctenostomata  (including 
Vesicularia^  Alcyonidium,  and  VaiketHa)^  the  cells  arise  from  a  common 
tube,  and  their  mouths  are  terminal,  and  furnished  with  a  setose  fringe  for 
their  closure. 

B.  Entoprocta. 

Mouth  and  anus  both  within  the  circle  of  tentacles  ;  lophophore  horse- 
shoe-shaped. Tentacles  solid  and  non-retractile,  filled,  like  the  body- 
cavity,  with  parenchyma.  Ectocyst  not  calcified.  This  division  includes 
the  marine  Pedicdltna  and  Loxosonui^  and  the  fresh- water  Umatella. 
Loxosoma  is  semiparasitic,  and  is  attached  to  the  bodies  of  Gephyreans 
and  other  marine  animals. 

C.  ASPIDOPHORA. 

This  division  includes  only  the  singular  marine  genus  Rhabdopl<ura,  in 
which  the  lophophore  is  crescentic,  and  carries  a  discontinuous  series  of 
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tentacles ;  the  mouth  is  lateral  rather  than  terminal ;  a  special  shield -like 
organ  is  attached  to  the  body  of  the  lophophore,  between  the  mouth  and 
the  anus ;  the  ccenoedum  is  chitinous  and  tubular,  and  is  supported  by  a 
correspondingly  divided  chitinous  rod,  attached  superiorly  to  a  fleshy  con- 
tractile cord,  which  is  in  turn  connected  with  the  body  of  the  polypites ; 
and,  lastly,  the  endocyst  and  tentacular  sheath  are  wanting. 

As  regards  their  distribution  in  space,  the  Polyzoa,  like  all 
the  MoUuscoidea,  are  exclusively  aquatic  in  their  habits,  but 
unlike  the  Brachiopoda,  they  are  not  exclusively  confined  to 
the  sea.  The  marine  Polyzoa  are  of  almost  universal  occur- 
rence in  all  seas.  The  fresh-water  Polyzoay  however,  not  only 
differ  materially  from  their  marine  brethren  in  structure,  but 
appear  to  have  a  much  more  limited  range,  being,  as  far  as 
is  yet  known,  principally  characteristic  of  the  north  temperate 
zone.  Britain  can  claim  the  great  majority  of  the  described 
species  of  fresh-water  Polyzoa,  but  this  is  probably  due  to  the 
more  careful  scrutiny  to  which  this  country  has  been  subjected. 
Fresh-water  Polyzoa  have  also  been  found  in  the  southern 
hemisphere,  in  Australia  and  India. 

As  regards,  their  distribution  in  time,  the  Polyzoa  have  left 
abundant  traces  of  their  past  existence  in  the  stratified  rocks, 
commencing  in  the  Qrdovician  formation^  and  extending  up 
to  the  present  day.'  I'he  only  groups  which  are  known  with 
certainty  to  be  represented  in  the  fossil  condition  are  those  of 
the  Cyclostomata  and  Cheilostomata.  The  Palaeozoic  types, 
such  as  the  Lace-cdrals  and  their  allies  {Fenestella,  Ptilopora, 
Ptilodidya,  &c.),  belong  to  peculiar  groups  of  the  class,  and 
with  one  or  two  doubtful  exceptions,  are  all  referable  to  the 
Cyclostomata,  In  the  Secondary  rocks,  Cyclostomatous  Poly- 
zoa are  exceedingly  abundant,  but  the  Cheilostomata  do  not 
appear,  in  any  numbers  at  any  rate,  until  the  horizon  of  the 
Chalk  is  reached,  after  which  time  they  show  a  gradually  in- 
creasing development  till  the  Recent  period  is  reached. 
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CHAPTER     XXXVIL 

BRACHIOPODA. 

Class  II.  Brachiopoda  {Palliobranchiatd). — ^The  members 
of  this  class  are  defined  by  the  possession  of  a  body  protected 
by  a  bivalve  shelly  which  is  lined  by  an  expansion  of  the  integ- 
ument^ or  ^'^  mantle J^  The  mouth  is  furnished  with  two  long 
spirally-coiled  drHferous  processes  or  " armsy^  which  act  as  re- 
spiratory organs.  The  nervous  system  consists  of  an  oesophagecU 
ringy  upon  which  infrcHzsophageal  and  supra-asophageal  ganglia 
are  developed.  One  or  two  pairs  of  tubular  ^^n^hridia^^  are 
present^  which  act  as  ducts  to  the  reproductive  organs.  The  sexes 
are  distinct  or  united. 

The  Brachiopoda  are  essentially  very  similar  in  structure  to 
the  Polyzoa^  from  which  they  are  distinguished  by  the  fact  that 
they  are  never  composite,  and  by  the  possession  of  a  bivalve, 
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calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  "  Lamp-shells, "  and  are  all  inhabitants  of  the  sea.  All  the 
living  forms,  except  Lingula  pyramidatay  are  fixed  to  some 
solid  object  in  their  adult  condition ;  but  there  is  good  reason 
to  believe  that  many  of  the  fossil  forms  were  unattached  and 
free  in  their  fully  grown  condition.  From  the  presence  of  a 
bivalve  shell,  the  Brachiopods  have  often  been  placed  near  the 
true  Bivalve  Molluscs  {iheLameliibranchiata),  but  their  organ- 
isation is  of  a  very  different  type. 
The  two  valves  of  the  shell  of  any  Brachiopod  (figs.  254, 


Fig.  ^s^.—R^vnckcnelia  sulcata,  A.  Profile  view;  B,  View  ot  the  dorsal  surface; 
C,  View  of  the  baie.  a  Ventral  valve ;  b  Dorsal  valve ;  /  Base ;  c  Beak ;  h  Foramen. 
Lower  Cretaceous. 

255)  are  articulated  together  by  an  apparatus  of  teeth  and 
sockets,  or  are  kept  in  apposition  by  muscular  action  alone. 
One  of  the  valves  is  always  slightly,  sometimes  greatly,  larger 
than  the  other,  so  that  the  shell  is  said  to  be  "  inequivalve." 
As  regards  the  contained  animal,  the  position  of  the  valves 
is  anterior  and  posterior,  so  that  they  are  therefore  termed 
respectively  the  "ventral"  and  "dorsal"  valves.  In  the 
ordinary  Bivalve  Molltisca  {Lamellibranchiatct)^  on  the  other 
handi  the  two  valves  of  the  shell  are  usually  of  the  same  size 
(equivalve),  and  they  are  situated  upon  the  sides  of  the 
animal ;  so  that,  instead  of  being  dorssd  and  ventral,  they  are 
now  termed  "right"  and  "left"  valves.  The  ventral  valve 
in  the  shell  of  the  Brachiopoda  is  usually  the  largest,  and 
usually  possesses  a  prominent  curved  beak.  The  beak  (figs. 
254,  255)  is  often  perforated  by  a  "foramen,"  or  terminal 
aperture,  through  which  there  is  transmitted  a  muscular 
peduncle,  whereby  the  shell  is  attached  to  some  foreign 
object  In  some  cases,  however  (as  in  Lingula^  fig.  258,  B), 
the  peduncle  simply  passes  between  the  apices  of  the  valves, 
and  there  is  no  foramen ;  whilst  in  others  (as  in  Crania^  fig. 
258,  D)  the  shell  is  merely  attached  by  the  substance  of  the 
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ventral  valve.    The  dorsal  or  smaller  valve  is  always  free,  and 
is  never  perforated  by  a  foramen. 

In  intimate  structure,  the  shell  of  most  of  the  Brachiopoda  consists  ''of 
flattened  prisms,  of  considerable  length,  arranged  parallel  to  one  another 
with  great  regularity,  and  at  a  very  acute  angle—usually  only  about  lo** 


Fig.  ^^^~-Ttrebratula{Waldkeimic^  flicoescens.  A,  The  shell  viewed  from  behind, 
shoMrin^  the  dorsal  valve,  and  the  perforated  summit  of  the  ventral  valve  above  it.  ^  B, 
Inner  view  of  the  dorsal  valve,  showing  the  shelly  loop  (/)  which  supports  the  spiral 
arms.  C,  Inner  view  of  the  ventral  valve,  showing  the  foramen  or  aperture  {j)  in 
the  beak,  through  which  the  muscular  stalk  of  attachment  passes.  D,  Longitudinal 
and  vertical  section  of  the  animal,  showing  the  spiral  arms  (a),  the  stomach  (x),  and 
the  liver  (A).  Aty  is  the  opening  in  the  beak,  with  the  stalk  of  attachment  {jf)  pass- 
ing  through  it.  (After  Davidson  and  Owen.)  Some  details  have  been  omitted  in 
Figs.  B,  C,  and  D,  for  the  sake  of  clearness. 

or  12° — with  the  surfaces  of  the  shell "  (Carpenter).  In  most  cases,  also, 
the  shell  is  perforated  by  a  series  of  minute  canals,  which  pass  from  one 
surface  of  the  shell  to  the  other,  in  a  more  or  less  vertical  direction, 
usually  widening  as  they  approach  the  external  surface.  These  canals 
give  the  shells  a  "punctated"  structure,  and  in  the  living  animal  they 
contain  caecal  tubuh,  or  prolongations,  from  the  mantle,  which  are  con- 
sidered by  Huxley  as  analogous  to  the  vascular  processes  by  which  in 
many  Ascidians  the  muscular  tunic,  or  "mantle,"  is  attached  to  the  outet 
tunic,  or  "test."  In  some  of  the  Brachiopoda  (as  in  the  Rhyruhonellida) 
the  shell  is  "impunctate,"  or  is  devoid  of  this  singular  canal-system. 

Though  characteristically  calcareous,  the  shell  of  the  Brachiopoda  may 
sometimes  be  largely  composed  of  homy  matter  (as  in  Discina) ;  or  the 
carbonate  of  lime  in  the  horny  shell  may  be  almost  wholly  replaced  by 
phosphate  (as  in  Ungula), 
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The  inner  surface  of  the  valves  of  the  shell  is  lined  by  ex- 
pansions of  the  integument  which  secrete  the  shell,  and  which 
constitute  the  "lobes"  of  the  "pallium,"  or  "mantle."  The 
digestive  organs  and  muscles  occupy  a  small  space  near  the 
beak  of  the  shell,  which  is  partitioned  off  by  a  membranous 
septum,  which  is  perforated  by  the  aperture  of  the  mouth. 
The  remainder  of  the  cavity  of  the  shell  is  almost  filled  by  two 
long  oral  processes,  which  are  termed  the  "arms,"  and  from 
which  the  name  of  the  class  has  been  derived  {^g.  256,  A), 

These  organs  are  lateral 
tubular  prolongations  of 
the  margins  of  the  mouth, 
usually  of  great  length, 
closely  coiled  up,  and 
fringed  on  one  side  with 
ciliated  lateral  processes, 
or  "cirri."  In  many  Bra- 
chiopods  the  arms  are 
supported  upon  a  more 
or  less  complicated  inter- 
nal calcareous  framework 
or  skeleton  (fig.  255,  B), 
which  is  sometimes  called 
the  "  carriage  -  spring  ap- 
paratus," and  whidh  in 
many  extinct  forms  is  coil- 
ed into  a  shelly  spiral. 

The  mouth  conducts  by 
an  oesophagus  into  a  dis- 
tinct stomach,  surrounded 
by  a  well-developed  gran- 
ular liver.  The  intestine 
is  sometimes  short,  at 
other  times  long  and  coil- 
ed, and  it  may  either  ter- 
minate in  a  distinct  anal 
aperture  (as  in  Lingula, 
fig*  256,  g)\  or  it  termin- 
ates blindly  in  the  middle 
line  (as  in  Terebratula), 
A  distinct  heart  is  often  present,  situated  on  the  dorsal 
side  of  the  stomach,  and  giving  oflf  blood-vessels;  but 
the  circulation  is  carried  on  principally  through  the  lacunae 
and  interstices  between  the  tissues.  The  function  of  respira- 
tion seems  to  be  mainly  performed  by  the  cirriferous  oral  arms, 


Fig.  356. — Anaitomy  of  Lingula  anattna.  En- 
larged.  (After  Hancock.)  a  The  two  lobes  of 
the  mantle,  the  dorsal  lobe  being  oartly  turned 
back  ;  v  v  Sinuses  in  the  lobes  of  the  mantle  ; 
k  Spirally-coiled  "arms,"  bearing  lateral  cirri 
(0 ;  g  Anus ;  r  Liver. 
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as  it  is  by  the  homologous  tentacular  crown  of  the  Poiyzoa, 
The  canal-system  of  the  mantle,  which  will  be  spoken  of  im- 
mediately, is  also  probably  partly  concerned  in  respiration. 

The  two  lobes  of  the  mantle  are  channelled  out  into  a  system 
of  branched  tubes,  which  end  in  csecal  extremities,  and  into 
which  the  generative  organs  project.  These  so-called  "  atrial " 
canals  communicate  with  the  pallial  cavity  by  means  of  two 
or  four  organs  which  correspond  with  the  "  segmental  organs  " 
of  the  Annelides  or  the  "  nephridia"  of  the  Molluscs,  and  which 
have  been  commonly  described  under  the  names  of  "  pseudo- 
hearts  "  or  "  oviducts."  Each  nephridial  tube  consists  of  two 
saccular  divisions,  of  which  the  inner  is  connected  with  the 
"  atrial  canals  "  of  the  pallial  lobe,  while  the  outer  opens  into 


Fig.  257.— Development  of  Terehratulina  sepienirionalis  (after  Morse^.  A,  Ciliated 
embryo.  B.  More  advanced  embryo,  showing  commencing  segmentation  and  a  rudi- 
mentary peduncle  (».  C,  D,  E,  F,  Further  stages  of  the  same  embryo.  G,  Advanced 
embryo,  with  a  very  long  peduncle  (>),  and  a  circular  oral  crown  of  cirri  (c).  H, 
Interior  of  dorsal  valve,  showing  the  circular  crown  of  drri,  and  the  intestine  (x ).  I, 
Another  larva,  dx  the  same  stage,  having  the  valves  opened,  and  viewed  from  one 
side.  J.  part  of  a  larva  still  further  advanced,  showing  the  now  horse-shoe-shaped 
crown  of  cirri.  /  Peduncle ;  v Ventral  valve  of  shell ;  d  Dorsal  valve;  c  Crown  of 
oral  cirri ;  i  Intestine ;  s  Setae  springing  from  the  edge  of  the  mantle ;  /  Loop  of 
dorsal  valve.    (All  the  figures  are  highly  magnified.) 

the  mantle-cavity.     The  nephridial  tubes  act  as  efferent  ducts 

to  the  reproductive  organs,  and  are  probably  at  the  same  time 

to  be  regarded  as  of  the  nature  of  kidneys  or  excreting  organs. 

The  nervous  system  consists  of  an  oesophageal  ring,  which 
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bears  a  large  suboesophageal  ganglion,  and  two  small  supra- 
oesophageal  ganglia.  No  organs  of  sense  have  been  certainly 
detected. 

The  sexes  in  the  Brachiopoda  appear  to  be  ordinarily  distinct,  but  in 
some  forms  they  are  asserted  to  be  united  in  the  same  individual.  As 
regards  the  process  of  development  in  the  class,  we  may  take  as  a  type 
Terebratulina  septentrionalis^  the  metamorphoses  of  which  have  been  most 
ably  worked  out  by  Professor  Morse.  In  this  form,  the  earliest  embryo  is 
a  ciliated  planula  (fig.  257,  A),  which  swims  about  actively,  and  soon  (B) 
exhibits  a  division  into  three  r^ons  or  segments,  which  rapidly  become 
more  conspicuous  (C).  Of  these  segments,  the  most  inferior  {p)  becomes  the 
future  peduncle,  and  serves  to  attach  the  embryo  to  some  foreign  body  (D). 
The  middle  segment  then  enlarges,  and  partiallv  encloses  the  anterior  seg- 
ment (E  and  F),  the  latter  ultimately  being  withdrawn  entirely  within  the 
former,  which  becomes  converted  into  the  shell-secreting  pallial  lobes.  Next 
the  arms  begin  to  bud  out  from  the  sides  of  the  mouth  (G),  forming  at  first 
a  circular  crown  of  cirri  {c\  which  forcibly  calls  to  mind  the  orbicular 
lophophore  of  the  Gymnobematous  Polyzoa,  The  peduncle,  at  first  long 
(as  in  Lingula\  becomes  rapidly  shorter  (I),  and  the  oral  crown  of  tentacles 
becomes  distinctly  horse-shoe-shaped  (J),  thus  strikingly  resembling  the 
similarly-shaped  lophophore  of  the  "  Hippocrepian  "  Pofyzoa.  The  cir- 
rated  *'arms"  of  the  adult  are  finally  produced  by  the  growth  and  devel- 
opment of  the  free  end  of  the  horse-shoe. 

Affinities  of  the  Brachiopoda. — Great  differences  of  opinion  exist 
at  the  present  day  as  to  the  affinities  and  precise  systematic  position  of  the 
Brachiopoda;  but  it  is  impossible  to  do  more  here  than  merely  point  out 
these  differences.  The  relationship  of  the  Brachiopods  to  the  Polysoa  is 
admitted  on  all  hands  to  be  very  close ;  and  we  may  regard  the  encrusting 
members  of  the  latter  class  as  being  '*  communities  of  Brachiopods,  the 
valves  of  which  are  continuous  and  soldered  together,  the  flat  valve  form- 
ing the  united  floor,  whilst  the  convex  valve  does  not  cover  the  ventral 
valve,  but  leaves  an  opening  more  or  less  ornamented  for  the  extension 
of  the  lophophore"  (A.  Agassiz).  Until  recently,  most  naturalists  have 
held  that  both  these  groups  had  strongly-marked  relationships  with  the 
Lamellibranchiaia,  and  many  still  adhere  to  this  view.  On  the  other  hand, 
the  view  has  been  gaining  ground,  that  these  groups  are  to  be  regarded  as 
comprising  modified  Worms,  and  they  are  often  placed  in  the  immediate 
neighbourhood  of  the  Annelida.  The  chief  grounds  for  this  view  are  to  be 
found  in  the  similarity  of  the  development  of  the  Polyzoans  and  Brachio- 
pods to  that  of  the  Annelides,  as  shown  by  the  elaborate  researches  of 
Morse  and  Kowale^-sky.  Apart  from  embryological  likeness,  one  of  the 
most  striking  links  between  the  Brachiopods  and  the  Annelides  is  the 
aberrant  Lingula  pyraniidata — the  genus  Lingula  being  itself  an  aberrant 
type.  This  curious  form  (fig:  258,  A),  as  described  bv  Morse,  differs 
from  its  congeners  in  not  being  fixed,  but  in  living  free  m  the  sand,  tts 
peduncle  is  long  and  worm-like,  hollow,  and  highly  contractile,  and  its 
lower  end  is  encased  in  a  sand-tube,  resembling  that  of  a  Tubicolous  An- 
nelide.  Whilst  it  must  be  freely  admitted  that  the  affinities  between  the 
Brachiopoda  and  the  AnneHdes  are  much  closer  than  aiw  outward  resem- 
blance between  the  two  would  lead  us  to  expect,  a  sufficient  case  for  the 
removal  of  the  former  to  the  ''  Vertnes"  has  hardly  been  made  out 

Divisions  of  the  Brachiopoda.— The  Brachiopoda  may  be  divided 
into  the  two  orders  of  the  Inarticulata  (or  Tretenteraia)  and  tne  ArticuUUa 
(or  Clistenterata), 
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In  the  first  of  these  orders  {Inartiailata\  the  valves  of  the  shell  are  not 
united  along  the  hinge-line,  the  mantle-lobes  are  completely  free,  and  the 
intestine  terminates  in  a  distinct  anus.  In  this  division  are  included  the 
three  fiimilies  of  the  Craniada^  Discinida^  and  Lingulida—zW  very  ancient, 


Fig.  as&^Morpholoffy  of  Brackic^oda.  A,  Liugnla  pyramidata  (after  Morse):  > 
Peduncle;  t  Sand-tube,  encasing  base  of  peduncle.  B,  Linguia  anatina  ^ter 
Cuvier) ;  >  The  peduncle.  C,  Waldheimia  cranium^  with  adherent  young,  attached 
to  a  stone  (after  Davidson) :  /  Peduncle ;  v  Ventral  valve ;  d  Dorsal  >^ve.  D, 
Crania  Igna2>ei^eHsi»t  attached  by  its  ventral  valve  to  a  piece  of  coral  (Chalk). 

and  all  represented  at  the  present  day  by  living  forms— together  with  the 
Paleozoic  family  of  the  Trimerellida, 

In  the  second  order  {Arficula/a)^  the  valves  of  the  shell  are  united  by 
teeth  along  the  hinge-line,  the  lobes  of  the  mantle  are  not  completely  free, 
and  the  intestine  ends  blindly.  In  this  division  are  included  the  living 
families  of  the  Terebratulida,  Rhynchonellida^  and  the  Thecidiidat  and  the 
extinct  families  of  the  Spiriferidtt^  PentameridiE^  Strophomtnida^  and  Pro- 
ductida.  In  the  first  two  of  these  families  the  arms  are  supported  upon  a 
shelly  loop,  of  variable  shape  and  size  (fig.  255,  B) ;  whilst  in  some  of  the 
extinct  Rhynchonellida  and  in  the  Spiriferida^  the  arms  were  supported  by 
large  spirally-coiled  calcareous  lamellae. 

Distribution  of  Brachiopoda  in  Space. — All  the  known 
Brachiopods  live  in  the  sea,  and  though  very  local  in  their 
distribution,  they  may  be  said  to  have  a  very  wide  range. 
Though  sometimes  found  between  tide -marks,  and  more 
commonly  in  comparatively  shallow  water,  they  are  essentially 
deep-water  forms,  living  most  generally  in  depths  of  from  100 
to  500  fathoms.    A  few  forms  have  been  found  at  depths  of 
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from  2000  to  over  2500  fathoms.  Rather  more  than  100 
species  of  living  Brachiopods  are  known. 

/'  Distribution  of  Brachiopoda  in  Time. — The  Brachio- 

poda  are  found  from  the,  Cambrian  rockp  \^  \^  ^y^  prr^^^t 
day,  and  present  us  with  aii  example  of"^  group  which  appears 

Ij  to  be  slowly  f^Y'"ff   ^"*^  K|<>ofly  \KiW   fh/^iico»i^    <>vririi  ■     ■jn  i  Ipg        -^ 

i '  have  been  described,  and  the  class  appears  to  have  attained 
I  its  maximum  in  the  Ordovicio-Silurian  epochs  which  is,  for  this 
reason,  sometimes  called  tKe^"JVg£ijiJija.gliiopods."  Numerous 
genera  and  species  are  found  also  in  both  Thfe  Devonian  and 
Carboniferous  formations.  In  the  Secondary  rocks  Brachio- 
poda are  still  abundant,  though  less  so  than  in  the  Palaeozoic 
period.  In  the  Tertiary  epoch  a  still  further  diminution  takes 
place,  and  at  the  present  day  we  are  acquainted  with  few  more 
than  a  hundred  living  forms.  Of  the  families  of  Brachiopoda^ 
the  ProductidcRy  Strophomenida^  and  Spirifiridce  are  the  more 

^:i       important  extinct  types.     Of  the  genera,  the  most  persistent 
is  the  genus  Z/>g^/(g.  which  commences  in  the   Cambrian 
rocks,  and  has  maintained  its  place  up  to  the  present  day, 
though  it  appears  to  be  gradually  dying  out. 
e*^  According  to  Woodward  : — "The  hingeless  genera  attained 

their  maximum  in  the  Palaeozoic  age,  and  only  three  now  sur- 

'  vive  (Lingula,  Discina^  Crania) — the  representatives  of  as  many 

distinct  families.  Of  the  genera  with  articulated  valves,  those 
provided  with  spiral  arms  appeared  first,  and  attained  their 
maximum  while  the  Terebratulida  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchonella  still  exists. 
Lastly,  the  typical  group;  TerebratulidcB,  attained  its  maximum 
in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline." 

Of  the  families  of  the  Brachiopoda^  the  ProductidcB  and 
StrophomenidcB  are  exclusively  Palaeozoic  The  Spiriferida 
are  mainly  Palaeozoic,  but  extend  into  the  Lias,  where  they 
finally  disappear.  The  LingulidcR  commence  in  the  Cambrian 
period,  and  have  survived  to  the  present  day.  The  Rhyncho- 
nellidcs,  Craniadcs^  and  DiscinidcR  commence  in  the  Ordovician 
period,  and  are  represented  by  living  forms  in  existing  seas. 
The  ThecidiidcR  extend  from  the  Trias  to  the  present  day ;  and 
the  TerebratulidcB  appear  to  commence  in  the  Silurian,  and  are 
well  represented  by  living  forms. 
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CHAPTER    XXXVIII. 
SUB-KINGDOM    MOLLUSC  A. 

The  Mollusca  may  be  defined  as  soft -bodied,  bilaterally 
symmetrical,  not  definitely  segmented  animals.  The  anterior 
part  of  the  body  is  very  generally  developed  into  a  distinct 
head,  bearing  one  or  more  pairs  of  soft  tactile  processes  or 
tentacles.  The  mouth  is  anterior,  the  alimentary  canal  is 
completely  shut  off  from  the  general  cavity  of  the  body,  and 
the  anus  is  primitively  posterior.  The  nervous  system  con- 
sists of  a  small  number  of  paired  ganglia.  A  distinct  vascular 
system  and  a  systemic  heart  are  present.  One  or  more  pairs 
of  kidneys  (sometimes  a  single  kidney)  are  present  as  saccular 
organs  ("  nephridia "),  which  open  internally  into  the  body- 
cavity,  and  communicate  with  the  exterior  by  a  pore  placed 
near  the  anus.  Commonly  there  is  an  external  or  internal 
"shell." 

The  body  of  a  Mollusc  exhibits  a  distinct  dorsal  and  ven- 
tral surface,  and  a  right  and  left  side.  The  dorsal  surface  is 
covered  by  a  fold  of  the  integument  which  constitutes  what 
is  called  the  "  mantle  "  or  "  pallium,"  and  which  may  be  greatly 
expanded  laterally,  or  may  form  a  complete  sac  enclosing  all 
the  viscera.  The  so-called  "  mantle-cavity  "  or  "  pallial  cham- 
ber "  is  the  space  included  between  the  lateral  prolongations 
of  the  mantle  and  the  sides  of  the  body. 

From  the  ventral  side  of  the  body  there  is,  typically,  de- 
veloped an  unpaired  median  muscular  mass,  which  constitutes 
what  is  called  the  "  foot."  The  foot  (fig.  259,  /)  may  show  a 
distinct  division  into  an  anterior,  a  middle,  and  a  posterior 
region,  and  it  is  often  furnished  with  distinct  lateral  pro- 
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longations  ('*  epipodia ").      The  foot  undergoes  remarkable 
modifications  in  diflferent  groups  of  the  Mollusca, 

The  alimentary  canal  commences  at  the  mouth  (fig.  259,  tn), 
which  may  or  may  not  be  provided  with  an  apparatus  of  teeth, 
or  furnished  with  tactile  processes.  The  digestive  tube  is 
commonly  of  considerable  length,  and  usually  shows  a  gullet, 
into  which  salivary  glands  pour  their  secretion,  a  stomach, 
and  an  intestine.  The  rectum  terminates  at  the  anal  aperture 
(fig.  259,  a),  which  is  primitively  at  the  hinder  end  of  the  body, 
but  which  in  many  forms  ultimately  becomes  shifted  further 


Fig.  359.— Diaj^am  of  a  Mollusc  (altered  from  Lankester).  m  Mouthy  a  Anus;  / 
Liver ;  /  Foot ;  sk  Shell,  attached  to  the  mantle ;  h  Heart ;  /^  Pencardium  ;  n 
Kidney,  opening  internally  into  the  pericardium,  and  externally  near  the  anus  (k); 
br  Gill ;  eg  One  of  the  cerebral  ganglia,  connected  by  commissures  with  the  pleural 
ganglion  \Pg)  and  the  pedal  ganglion  ( /f ) ;  xm  Visceral  nenre-cord  extending  back- 
wara,  and  carrying  visceral  ganglia  (v^ 


forwards.    There  is  a  large  and  well-developed  liver,  opening 
into  the  commencement  of  the  intestine  (fig.  259,  /). 

The  blood  is  colourless,  and  the  blood-vessels  are  in  part 
furnished  with  definite  walls.  A  large  part  of  the  circulation 
is,  however,  carried  on  in  the  lacunar  spaces  between  the 
tissues.  A  definite  heart  (fig.  259,  h)^  consisting  of  a  ven- 
tricle, with  one  or  two  auricles,  is  always  present,  and  always 
has  the  function  of  propelling  the  aerated  blood  through  the 
body.  The  heart  lies  dorsally,  and  is  enclosed  in  a  "peri- 
cardial chamber"  (fig.  259,  pe\  which  is  placed  in  communi- 
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cation  with  the  exterior  by  the  kidneys,  but  is  not  normally 
filled  with  blood. 

Respiratory  organs  are  not  always  developed,  the  function 
of  respiration  being  in  some  cases  discharged  by  the  thin 
walls  of  the  mantle-cavity.  In  the  majority  of  the  Molluscs 
there  are  definite  respiratory  organs,  a  portion  of  the  mantle 
being  specialised  for  this  purpose.  In  the  Lamellibranchiata^ 
and  the  branchiate  Gasteropoda^  the  breathing-organs  are  in 
the  form  of  lamellar  and  pectinate  gills ;  and  the  same  is  the 
case  with  the  Cephalopoda,  In  the  pulmonate  Gasteropoda^  in 
which  respiration  is  aerial,  a  pulmonary  sac  or  air-chamber  is 
produced  by  the  folding  of  a  portion  of  the  mantle,  over  the 
interior  of  which  the  pulmonary  vessels  are  distributed.  The 
chamber  thus  formed  communicates  with  the  exterior  by  a 

round  aperture,  which  can  be 
opened  or  closed  at  will;  and 
the  renovation  of  the  effete  air 
within  the  sac  appears  to  be 
effected  mainly  or  entirely  by 
simple  diffusion. 

The  function  of  excretion  is 
especially  discharged  by  the  kid- 
neys, which  may  be  unpaired 
(Gasteropods  generally).  In 
some  Gasteropods,  and  in  the 
Bivalves,  there  are  two  renal 
organs,  and  in  Nautilus  there 
are  four.  The  kidneys  or  **ne- 
phridia  "  of  the  Mollusca  are  sac- 
cular organs,  which  may  be  com- 
pared with  the  "segmental  or- 
gans "  of  the  Annelides.  They 
open  internally  into  the  peri- 
cardium {^%.  259,  «),  and  com- 
municate with  the  exterior  by  a 
pore    usually    placed    near    the 

sanglia,  united  by  a  commiisure  in    9  nus 

front;  >  Pedal  ganglia,  united  with  ",  ^  , 

The  nervous  system  of  the -^Z- 
lusca  (fig.  260)  consists  of  paired 
ganglia  united  by  commissures. 
In  its  typical  arrangement,  the 
nervous  system  consists  of  the 
following  parts,  (i)  A  pair  of  cerebral  ganglia  (fig.  260,  c  c\ 
joined  with  one  another  by  a  commissure  which  passes  above 
the  gullet.     From  the  cerebral  ganglia  a  pair  of  commissures 


Fig.  960. — Nervous  svsi 
ellibranch  {^Anodoiiy. 


Item  of  a  Lam- 
Cerebrai 


the  cerebral  ganglia  by  commissures 
which  pass  on  the  two  sides  of  the 
gullet ;  V  Visceral  ganglia  united  to 
form  the  ".parietosplanchnic  "  gang- 
lion, joined  with  the  cerebral  ganglia 
by  the  visceral  commissures. 
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pass  backwards,  one  on  each  side  of  the  gullet,  to  (2)  a 
pair  of  pedal  ganglia,  which  supply  the  foot  and  adjacent 
parts  with  nerves.  (3)  A  group  of  visceral  ganglia  placed 
towards  the  posterior  part  of  the  body.  The  development  of 
these  is  very  variable,  but  in  the  Bivalves  they  are  of  large 
size,  and  become  fused  to  form  the  so-called  "parieto- 
splanchnic  "  ganglion  (fig.  260,  v).  In  other  cases  the  visceral 
ganglia  are  shifted  forwards,  and  may  become  fused  with  the 
pedal  ganglia,  or  with  the  cerebral  ganglia.  When  separately 
developed,  the  visceral  ganglia  are  united  with  the  cerebral 
ganglia  in  front  by  a  pair  of  visceral  commissures,  which  may 
become  directly  connected  with  the  cerebral  ganglia,  or  may 
spring  from  a  separate  oesophageal  nerve-ring,  distinct  from 
the  pedal  commissures.  In  this  latter  case  the  point  of  origin 
of  the  visceral  commissures  is  marked  by  the  development  of 
a //(Wra/ ganglion  on  each  side  of  the  gullet  (fig.  259,  pg). 

As  regards  their  organs  of  sense^  the  Mollusca  usually  havfe 
tactile  organs  in  the  form  of  sensitive  processes  (labial  palpi) 
placed  round  the  mouth,  or  tentacles  carried  on  the  head. 
Eyes  are  present  in  many  forms,  and  in  the  Cephalopoda 
reach  a  very  high  grade  of  organisation.  In  the  Lamelli- 
branchs  the  adults  are  either  destitute  of  organs  of  vision,  or 
possess  numerous  simple  eyes  ("ocelli")  placed  along  the 
margins  of  the  mantle  -  lobes.  Auditory  organs  are  very 
commonly  present,  and  have  the  form  of  closed  sacs 
("otocysts"),  situated  either  in  the  head  or  foot.  There 
are  also  in  some  cases  organs  which  are  supposed  to  be 
olfactory  in  function. 

Reproductive  organs  are  always  present,  and  the  sexes  may 
be  distinct  or  united.  The  generative  organs  open  externally 
near  the  anus,  sometimes  in  common  with  the  ducts  of  the 
kidneys. 

As  regards  the  development  of  the  Mollusca^  there  is  usually 
a  well-marked  metamorphosis.  In  most  cases  the  young 
Mollusc  passes  through  a  stage  in  which  the  anterior  part  of 
the  body,  lying  in  front  of  the  mouth,  is  furnished  with  a 
circlet  of  cilia,  by  means  of  which  the  embryo  swims.  In 
this  "  trochosphere "  stage,  the  Molluscan  embryo  closely 
resembles  the  larvae  of  many  Annelides.  As  development 
proceeds,  the  posterior  end  of  the  body,  behind  the  circle  of 
cilia,  grows  more  rapidly  than  the  anterior  end,  and  the  latter 
ultimately  comes  to  form  a  ciliated,  often  lobed  disc,  or 
"velum,"  on  the  front  part  of  the  head  (fig.  261  ^v).  In  this 
stage  the  embryo  is  usually  spoken  of  as  a  "  veliger."  In 
later  life  the  ciliated  velum,  having  discharged  its  temporary 
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purpose  as  a  locomotive  organ,  usually  wholly  disappears. 
The  embryo  further  possesses,  as  shown  by  Ray  Lankester,  a 
glandular  involution  of  the  dorsal  integument,  by  which  the 


Fig.  961.—"  Veliger"  stage  of  a  voung  Gasteropod.    v  Velum ;  /  Foot ;  o  Opercular 
plate  developed  on  the  back  of  the  foot ;  br  Branchial  chamber ;  sh  PrimitiTe  shell. 

embryonic  shell  is  produced,  and  which  commonly  disappears 
in  the  course  of  embryonic  development.  The  shell  of  the 
adult,  however,  is  in  most  cases  developed  secondarily  from 
the  free  dorsal  surface  of  the  mantle  (fig.  259,  sh). 

As  implied  by  their  scientific  name,  the  MoUusca  are  mostly 
soft-bodied  animals ;  but  their  popular  name  of  "  Shell-fish  " 
expresses  the  fact  that  the  presence  of  a  shell,  protecting  the 
soft  body,  is  likewise  a  very  characteristic  feature  in  the  sub- 
kingdom.  At  the  same  time,  a  shell  is  not  universally  present, 
and  many  of  the  Mollusca  are  either  permanently  naked,  or 
possess  nothing  that  would  be  ordinarily  looked  upon  as  a 
shell.  When  there  is  either  no  shell  at  all,  or  merely  a  rudi- 
mentary shell  enclosed  in  the  mantle,  the  Mollusc  is  said  to 
be  "  naked."  The  shell  of  the  "  testaceous  "  Mollusca  is  very 
closely  related  to  the  respiratory  organs ;  "  indeed  it  may  be 
regarded  as  ^  pneumoskeletofty  being  essentially  a  calcified  por- 
tion of  the  mantle,  of  which  the  breathing-organ  is  at  most  a 
specialised  part.  ...  In  its  most  reduced  form  the  shell 
is  only  a  hollow  cone  or  plate,  protecting  the  breathing-organ 
and  heart,  as  in  LimaXy  Testacella,  and  Carinaria.  Its  peculiar 
features  always  relate  to  the  condition  of  the  breathing-organ, 
and  in  Terebratula  and  Pelonaia  it  becomes  identified  with  the 
gill.  In  the  Nudibranchs  the  vascular  mantle  performs,  wholly 
or  in  part,  the  respiratory  office.  In  the  Cephalopods  the  shell 
becomes  complicated  by  the  addition  of  a  distinct,  internal, 
chambered  portion  (phragmacone\  which  is  properly  a  visceral 
skeleton "  (Woodward).     In  a  great  many  of  the  Mollusca 
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the  shell  consists  of  but  a  single  piece,  and  they  are  called 
"  Univalves."  In  many  others  the  shell  consists  of  two  separ- 
ate plates  or  "valves,"  and  these  are  called  "Bivalves." 
In  others,  again,  as  in  the  Chiton^  the  shell  consists  of  more 
than  two  pieces,  and  is  said  to  be  "  multivalve."  Most,  how- 
ever, of  the  multivalve  shells  of  older  writers  are  in  reality 
referable  to  the  Cirripedia, 

All  the  testaceous  Mollusca  (except  the  Argonaut),  and  most 
of  the  **  naked  "  forms,  acquire  a  rudimentary  shell  before  their 
liberation  from  the  ovum.  In  the  latter  this  rudimentary  shell 
is  cast  off  as  the  embryo  grows,  but  in  the  former  it  becomes 
the  "  nucleus  "  of  the  adult  shell.  In  the  Bivalves  the  embr)'- 
onic  shell  or  "  nucleus  "  is  situated  at  the  beak  or  "  umbo  "  of 
each  valve,  and  is  often  very  unlike,  the  remainder  of  the  shell. 

In  composition  the  shell  of  the  Mollusca  consists  of  carbonate  of  lime — 
usually  having  the  atomic  arrangement  of  caldte — with  a  small  proportion 
of  animal  matter.  In  the  Phcladida^  however,  the  calcareous  matter  exists 
in  the  allotropic  condition  of  aragonite,  which  is  very  much  harder  than 
calcite ;  and  there  are  many  Gastropods  in  which  the  shell  is  similarly 
composed  of  aragonite.  As  r^;ards  their  texture,  three  principal  varieties 
of  shells  may  be  distinguished — viz.,  the  ''porcellanous,  the  ''nacreous/* 
and  the  "fibrous.**  In  the  "nacreous**  or  pearly  shells,  as  seen  in 
"mother-of-pearl,"  the  shell  has  a  peculiar  lustre,  due  to  the  minute 
undulations  of  the  edges  of  alternate  layers  of  carbonate  of  lime  and 
membrane.  The  "  fibrous  **  shells  are  composed  of  successive  layers  of 
prismatic  cells.  The  "porcellanous"  shell  has  a  more  complicated 
structure,  and  is  composed  of  three  layers  or  strata,  each  of  which  is  made 
up  of  very  numerous  plates,  "like  cards  placed  on  edge.*'  The  direction 
in  which  the  vertical  plates  are  placed,  is  sometimes  transverse  in  the 
central  layer,  and  lengthwise  in  the  two  others ;  or  longitudinal  in  the 
middle,  and  transverse  in  the  outer  and  inner  strata. 

All  living  shells  have  an  outer  layer  of  animal  matter,  which  is  known 
as  the  "epidermis,"  or  " periostracum.*'  This  is  sometimes  of  extreme 
tenuity,  but  is  sometimes  very  thick,  the  latter  being  especially  the  case 
with  those  shells  which  are  found  in  fresh  water. 

The  Mollusca  may  be  roughly  divided  into  two  great  sec- 
tions, respectively  termed  the  Acephala  and  the  Encephala  (or 
Cephalophora),  characterised  by  the  absence  or  presence  of  a 
distinctly  differentiated  head.  The  headless,  or  Acephalous, 
Molluscs  correspond  to  the  class  Lamellibranchiata  ;  also  dis- 
tinguished, at  first  sight,  by  the  possession  of  a  bivalve  shelL 
The  Encephalous  Molluscs  are  more  highly  organised,  and 
are  divided  into  three  classes  —  viz.,  the  Gastropoda,  the 
PUropoda,  and  the  Cephalopoda.  The  shell  in  these  three 
classes  is  of  very  various  nature,  but  they  all  possess  a  singu- 
lar and  complicated  series  of  lingual  teeth ;  hence  they  are 
grouped  together  by  Professor  Huxley  under  the  name  of 
Odontopkora. 

2  F 
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CHAPTER   XXXIX. 


LAMELLIBRANCHIA  TA, 


Class  I.  Lamellibranchl\ta,  or  Conchifera  {Pelecypoda). 
— The  members  of  this  class  are  characterised  by  the  absence  of 
a  distinctly  differentiated  head,  and  by  having  the  mantle  divided 
into  two  lobesy  right  and  left^each  of  which  secretes  a  shelly  in- 
vestment^  so  that  the  body  is  more  or  less  completely  enclosed  in  a 
bivalve  shell.     There  are  one  or  two  pairs  of  lajtullar  gills  on 

each  side  of  the  bwTy,     An  odo2itoz_ 
phore  is  wanting.      The  sexes  are 
distinct  or  united. 

The  Lamellibranchiata  (Mus- 
sels, Oysters,  Scallops,  Cockles, 
&c)  are  Qften  spoken  of  as  the 
"  Bivalve  Molluscs,"  and  they 
are  all  either  marine  or  inhabit- 
ants of  fresh  water. 

The  body  in  the  Lamelli- 
branchs  is  bilaterally  symmetri- 
cal, and  is  enclosed  in  a  largely 
developed  "  mantle  "  or  "  pal- 
lium," which  is  divided  into  two 
lateral  halves,  the  right  and  left 
"  lobes  "  of  the  mantle.  The  two 
lobes  of  the  mantle  are  united 
along  the  dorsal  side  of  the  body, 
and  are  prolonged  laterally  as 
two  great  flaps,  which  conceal 
the  body,  and  enclose  inferiorly 
a  chamber  known  as  the  "  man- 
tle-cavity." The  lower  or  ventral 
edges  of  the  mantle-lobes  are  nor- 
mally free;  but  in  many  Bivalves 
'x^^oi^ru^Vr^r^t^^^k  they  become  more  or  less  fused 

the  shell ;  ^r  The  gills,  two  pairs  on    with    One    another    (fig.     262),    SO 

/Th/f^i.       '"""'''*'"'"''"  ^  that  the  animal  is  enclosed  in  a 

complete  sac,  in  which  certain 
openings  jye  left  anteriorly  and  posteriorly.  Two  of  these 
apertures  are  at  the  posterior  end  of  the  animal,  and 
serve  to  permit  the  ingress  into  the  mantle  -  cavity  of  the 
water  required  for  respiration   and  for  the  purpose  of  ob- 


Fig.  262.— Diagrammatic  vertical  and 
transverse  section  of  Mya  arenaria. 
b  Back,  or  "dorsal  margin"  of  the 
shell ;  X  s  The  two  valves  of  the  shell, 
right  and  left ;  m  m  The  two  halves, 
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taining  food,  and  the  egress  of  the  same.  The  lower  or 
ventral  aperture  is  inhalant  in  function ;  the  upper  or  dorsal 
aperture  is  exhalant;  and  the  anus  is  always  placed  in  the 
vicinity  of  the  latter,  so  that  excrementitious  matters  are 
carried  away  in  the  out-going  currents  of  water.  In  many 
cases  these  two  openings  into  the  mantle-sac  are  drawn  out 
into  longer  or  shorter  muiscular  tubes  (fig.  264,  s  /),  which  are 
known  as  the  "  siphons,"  and  which  will  be  more  particularly 
considered  hereafter.  In  those  Bivalves  which  have  the  ven- 
tral margins  of  the  mantle-lobes  free,  the  in-going  and  out- 
going currents  of  water  still  enter  and  leave  the  mantle-cavity 
by  openings  at  its  posterior  end.  The  mantle-lobes,  namely, 
present  each  a  pair  of  dorsal  and  ventral  excavations  at  their 
posterior  margins,  so  that  when  the  mantle-lobes  are  in  ap- 
position there  are  formed  two  apertures,  one  ventral,  the  other 
dorsal,  which  permit  respectively  the  entrance  and  the  exit 
of  water. 

In  those  Bivalves  which  have  the  mantle-lobes  fused  along 
their  ventral  edges,  a  third  aperture  is  necessary  in  order  to 
allow  of  the  protrusion  of  the  "foot"  (fig.  264,/).  This 
aperture  is  always  placed  ventrally  and  towards  the  anterior 
end  of  the  animal  In  the  forms  with  free  mantle-lobes  no 
special  opening  is  needed  for  the  protrusion  of  this  organ. 

The  "  foot "  of  the  Bivalves  is  not  so  extensively  developed 
as  in  the  Gastropods.  Usually  it  forms  a  hatchet-shaped 
muscular  organ,  which  may  be  used  in  locomotion,  but  is 
hardly  ever  adapted  for  crawling.  In  other  cases  it  is  cylin- 
drical in  shape,  and  in  the  sedentary  Bivalves  it  is  more  or 
less  completely  aborted.  In  many  cases,  especially  in  the 
young,  there  is  developed,  on  the  under  surface  of  the  foot  in 
the  middle  line,  a  peculiar  "  byssal  gland."  This  gland  secretes 
a  viscid  material  which  is  moulded  into  threads  by  grooves  on 
the  external  surface  of  the  foot,  and  which  gives  rise  to  a  tuft 
of  silky  fibres  (the  "  byssus  "),  serving  to  moor  the  animal  to 
foreign  objects. 

The  she//  of  the  Bivalves  is  the  result  of  the  deposition  of 
lime-salts  in  the  outer  layer  of  the  mantle,  chiefly  along  its 
ventral  margins;  and  as  the  mantle  is  divided  into  a  right 
and  left  "lobe,"  so  the  shell  also  is  divided  into  a  right  and 
left  "  valve."  The  shell  is  composed  in  general  of  a  thin  in- 
ternal layer  of  mother-of-pearl,  and  an  outer  prismatic  layer, 
the  component  prisms  being  at  right  angles  to  the  general 
surface  of  the  shell;  but  the  minute  structure  varies  in  dif- 
ferent types  of  the  class.  The  external  surface  of  the  shell 
is  covered,  as  a  rule,  by  a  horny  "  epidermis,"  but  this  may 
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be  wanting  in  the  adult.  Each  valve,  moreover,  shows  more 
or  less  numerous  concentric  'Mines  of  growth,"  indicating 
the  periodic  additions  made  to  the  ventral  margin  of  the 
shell. 

Though  the  Bivalves  agree  with  the  Brachiopoda  in  pos- 
sessing a  shell  which  is  composed  of  two  pieces  or  valves 
(small  accessory  plates  are  present  in  Pholas^  &c.),  there  are, 
nevertheless,  many  points  in  which  the  shell  of  a  Lamelli- 
branch  is  distinguished  from  that  of  a  Brachiopod,  irrespec- 
tive of  the  great  diflference  in  the  structure  of  the  animal  in 
each.  The  shell  in  the  Brachiopoda^  as  we  have  seen,  is  rarely 
or  never  quite  equivalve,  and  always  has  its  two  sides  equally 
developed  (equilateral);  whilst  the  valves  are  placed  antero- 
posteriorly  as  regards  the  animal,  one  in  front  and  one  behind, 
so  that  they  are  "dorsal"  and  "ventral."  In  the  Latnelli- 
hranchiata^  on  the  other  hand,  the  two  valves  are  usually  of 
nearly  equal  size  (equivalve),  and  are  more  developed  on  one 
side  than  on  the  other  (inequilateral) ;  whilst  their  position  as 
regards  the  animal  is  always  lateral^  so  that  they  are  properly 
termed  "  right  *'  and  "  left "  valves,  instead  of  "  ventral "  and 
"dorsal." 

It  is  to  be  remembered,  however,  that  many  of  the  Bivalves, 
such  as  the  Oysters,  habitually  lie  on  one  side,  in  which  case 
the  valves,  though  really  right  and  left,  are  called  "  upper  "  and 
"  lower."  It  is  to  be  borne  in  mind,  also,  that  the  two  valvesp^ 
especially  in  the  attached  Bivalves,  may  be  very  uns3rmmetrical, 
one  valve  being  much  larger  or  deeper  than  the  other.  Lastly, 
there  are  some  cases  (e.g,^  Pectunculus)  in  which  the  shell  be- 
comes very  nearly  equilateral,  the  line  drawn  from  the  beaks 
to  the  base  dividing  the  shell  into  two  almost  equal  halves. 

The  following  are  the  chief  points  to  be  noticed  in  connection 
with  the  shell  of  any  Lamellibranch  (fig.  263)  :  Each  valve  of 
the  shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
of  which  is  turned  more  or  less  to  one  side ;  so  that  more  of 
the  shell  is  situated  on  one  side  of  the  apex  than  on  the  other. 
The  apex  of  the  valve  is  called  the  "umbo,"  or  "beak,"  and 
is  mostly  turned  towards  the  mouth  of  the  animal.  Coqse- 
quently,  the  side  of  the  shell  towards  which  the  umbones  are 
turned  is  the  "  anteriftr "  side,  and  it  is  usually  the  shortest 
half  of  the  shell.  In  some  Bivalves,  however,  the  beaks  are 
"  reversed,"  and  are  turned  towards  the  posterior  side  of  the 
shell.  The  longer  half  of  the  shell,  from  which  the  umbones 
turn  away,  is  called  the  "  posterior "  side,  but  in  some  cases 
this  is  equal  to,  or  even  shorter  than,  the  anterior  side.  The 
side  of  the  shell  where  the  beaks  are  situated,  and  where  the 
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valves  are  united  to  one  another,  is  called  the  "  dorsal "  side ; 
and  the  opposite  margin,  along  which  the  shell  opens,  is  called 
the  "ventral"  side  or  "base."    The  length  of  the  shell  is 


Fig.  a63.>-Left  vaWe  of  Cytherea  chiotu,  (After  Woodward.)  A,  Anterior  margin. 
B,  Posterior  margin.  C,  Ventral  mai^gin  or  base :  u  Umbo ;  h  Ligame'ht ;  /  Lunule ; 
c  Cardinal  tooith  ;  /  /  Lateral  teeth ;  «  Anterior'  adductor  ;  a!  Posterior  adductor ; 
/  Pallia!  line;  s  Pallial  sinus,  caused  by  the  retractor  muscles  of  the  siphons. 

measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another, 
for  a  shorter  or  longer  distance,  along  a  line  which  is  called 
the  "hinge-line."  The  union  is  effected  in  most  shells  by 
means  of  a  series  of  parts  which  interlock  with  one  another 
(the  "  teeth  "),  but  these  are  sometimes  absent,  when  the  shell 
is  said  to  be  "edentulous."  Posterior  to  the  umbones,  in 
most  Bivalves,  is  another  structure  passing  between  the  valves, 
which  is  called  the  "ligament,"  and  which  is  usually  composed 
of  two  parts,  either  distinct  or  combined  with  one  another. 
These  two  parts  are  known  as  the  "  external  ligament "  (or  the 
ligament  proper)  and  the  "  cartilage,"  ancl  they  constitute  the 
agency  whereby  the  shell  is  opened,  but  one  or  other  of  them 
may  be  absent  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to 
the  other  just  behind  the  beaks,  in  such  a  manner  that  it  is  put 
upon  the  stretch  when  the  shell  is  closed.  The  cartilage,  or 
internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "  pits,"  or  in  special  processes 
of  the  shell.     It  consists  of  elastic  fibres  placed  perpendicu- 
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larly  between  the  surfaces  by  which  it  is  contained,  so  that  they 
are  necessarily  shortened  and  compressed  when  the  valves  are 

shut.  To  open  the  shell,  there- 
fore, it  is  simply  necessary  for 
the  animal  to  relax  the  muscles 
which  are  provided  for  the  clo- 
sure of  the  valves,  whereupon 
the  elastic  force  of  the  ligament 
and  cartilage  is  sufficient  of  itself 
to  open  the  shell. 

Generally  the  hinge -line  is 
curved,  but  it  is  sometimes 
straight.  The  beaks  are  mostly 
more  or  less  contiguous,  but 
they  may  be  removed  from  one 
another  to  a  greater  or  less  dis- 
tance, and  in  some  anomalous 
forms  they  are  not  near  one  an- 
other at  all.  In  the  Arcada  the 
two  beaks  are  separated  from 
one  another  by  an  oval  or  loz- 
enge-shaped flat  space  or  area. 
When  teeth  are  present,  they  dif- 
fer much  in  their  form  and  ar- 
rangement. In  some  forms  (fig. 
263)  the  teeth  are  divisible  into 
three  sets — one  group,  of  one  or 
more  teeth,  placed  immediately 
beneath  the  umbo,  and  known 
as  the  "cardinal  teeth";  and  two 
groups  on  either  side  of  the 
preceding,  termed  the  "lateral 
teeth."  Sometimes  there  may  be 
lateral  teeth  only;  sometimes  the 
cardinal  teeth  alone  are  present ; 
and  in  some  cases  {Arcadce)  there 
is  a  row  of  similar  and  equal 
teeth. 

While  the  opening  of  the  valves 

of  the  shell  of  a  Lamellibranch  is 

haTant  siphon;  j^Exhaiant  siphon,  effected  by  the  clastic  forcc  of  the 

ligament,  the  closure  of  the  valves 
is  effected  by  the  contraction  of 
one  or  two  powerful  muscles,  which  are  known  as  the  "ad- 
ductor muscles."     In  the  majority  of  Bivalves — hence  termed 


Fie.  364. — Anatomy  of  Mya  arenaria. 
(After  Woodwarci.)  The  left  valve  of 
the  shell  and  the  left^mantle-lobe  are 
removed,  and  half  of/ the  siphons  has 
been  cut  away,  a  Anterior  adductor : 
0!  Posterior  adductor;  b  Visceral  mass; 
c  Chamber  of  the  mantle-cavity  into 
which  the  anus  (7')  opens  \f  Foot ;  g 
Branchiae;  h  Heart;  m  Cut  vfcntral" 
edee  of  the  mantle,;  o  Mouth  ;  s  In- 

alant   siphon ;  ^  Exhalant  siph< 
/  Labial  palpi.  •  The  arrows  indicate 
the  direction  of  the  water-currents. 
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Dimyaria — there  are  two  adductor  muscles,  which  pass  from 
the  inner  surface  of  one  valve  to  that  of  the  other,  one  being 
placed  anteriorly  in  front  of  the  mouth,  while  the  other  is 
situated  posteriorly  close  to  the  termination  of  the  intestine 
(fig.  264,  a  and  d).  Moreover,  among  the  Dimyary  Bivalves 
the  adductors  present  two  markedly  different  conditions.  In 
one  group  of  forms— hence  termed  Homamyaria — the  anterior 
and  posterior  adductors  are  approximately  equal  in  size.  In 
a  second  series — Whence  termed  Heteromyaria — the  anterior 
adductor  is  very  small,  and  the  posterior  adductor  is  very 
large.  Examples  of  this  latter  condition  are  found  in  the 
Mussels,  PearL-mussels,  &c.  On  the  other  hand,  in  Ostrea, 
Pecten^  and  certain  other  Bivalves — hence  called  Monomyaria 
— the  anterior  adductor  is  absent,  and  the  posterior  adductor 
alone  remains.  The  adductors  leave  distinct  "  muscular  im- 
pressions "  in  the  interior  of  the  shell  ifig.  265),  so  that  it  is 
easy  to  determine,  by  a  simple  inspection  of  the  dead  shell, 
whether  a  given  Bivalve  has  been  "  dimyary  "  or  "  monomyary." 

Besides  the  scars  left  by  the  adductor  muscles,  or  muscle, 
there  are  other  impressions  in  the  interior  of  the  valves  which 
are  produced  by  the  attachment  of  muscles.  Thus,  the  "  foot " 
is  very  commonly  provided  with  "  pedal  muscles,"  which  leave 
small  scars  in  the  inside  of  the  shell.  When  they  are  well 
developed,  the  "  pedal  impressions  "  are  twofold,  consisting  of 
an  impression  formed  by  the  "protractor"  muscle  which  ex- 
serts  the  foot,  and  of  another,  posteriorly-placed  scar  (some- 
times two  such)  formed  by  the  "  retractor  "  muscle  which  with- 
draws the  foot  (fig.  265,  A,//  and  rp). 

Again,  the  muscular  margin  of  the  mantle  is  attached  to  the 
interior  of  each  valve  along  a  line  running  at  a  little  distance 
within,  and  parallel  with,  the  ventral  margin  of  the  shell.  In 
this  way  is  formed  ^  more  or  less  well-marked  impression  in 
the  interior  of  each  valve,  which  is  termed  the  "  pallial  line  " 
(fig.  265,  m).  The  form  assumed  by  the  "  pallial  line  "  differs 
in  different  Bivalves  according  as  respiratory  "siphons"  are 
present  or  absent  In  all  those  Bivalves,  namely,  in  which 
the  mantle-lobes  are  free,  and  in  which  there  are  consequently 
no  siphons,  the  "pallial  line"  runs  in  an  unbroken  curve 
round  the  lower  part  of  the  valve  (fig.  265,  A,  m).  The  pallial 
line  is  similarly  unbroken  in  those  Bivalves  which  possess  short 
siphons,  but  which  do  not  possess  a  specially  developed  "  re- 
tractor muscle "  for  the  withdrawal  of  the  siphons  within  the 
shell.  The  name  oi  Integropallialia  is  given  to  all  such  Bi- 
valves as  the  above,  in  which  the  pallial  line  is  "  entire,"  or 
unindented,  and  there  are  either  no  siphons  or  but  short  ones. 
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On  the  other  hand,  in  those  Bivalves  which  have  long  respira- 
tory siphons  there  exists  a  specially  developed  "retractor 
muscle,"  the  function  of  which  is  to  withdraw  the  siphons 
within  the  shell.  The  insertion  of  this  siphonal  retractor 
causes  an  indentation  in  the  pallial  line  posteriorly  (fig.  265, 


Fig.  365.— A,  Interior  of  the  left  valve  of  Attodonta  cygwa.  B.  Interior  of  the  right 
valve  of  Artemis  exoleta  (after  Woodward).  C,  Interior  of  the  left  valve  oi  Pecten 
varius  (after  Wgodward).  a  Impression  of  the  anterior  adductor ;  jte  Impression  of 
the  posterior  adductor ;  m  Pallial  line ;  s  Sinus  in  the  pallial  line  caused  by  the 
insertion  of  the  retractor  muscles  of  the  siphons ;  >^  Scar  of  the  protractor  muscle 
of  the  foot ;  f^  Scar  of  the  anterior  retractor  muscle  of  the  foot ;  rp^  Scar  of  the 
posterior  retractor  muscle  of  the  foot.  In  Pecten  varinf  (C),  though  the  shell  is 
monomyarv,  the  scar  left  by  the  posterior  adductor  (Ja)  is  double,  and  there  is  a 
large  scar  (je)  formed  by  the  muscular  base  of  the  fooL 

B,  s\  the  depth  of  this  depending  upon  the  size  of  the  siphonal 
muscles.  In  all  those  Bivalves,  therefore,  which  possess  re- 
tractile siphons,  the  pallial  line  is  deflected  posteriorly  into  a 
larger  or  smaller  "  pallial  sinus  "  or  siphonal  impression,"  and 
those  Bivalves  in  which  this  sinus  exists  are  grouped  together 
under  the  name  of  Sinupallialia. 
There  is  no  distinctly  differentiated  head  in  any  of  the 
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Lamellibranchs  (hence  the  name  of  "  Acephalous  Molluscs " 
commonly  given  to  the  class),  and  the  mouth  is  simply  placed 
at  the  anterior  end  of  the  body.  It  is  furnished  with  ciliated, 
leaf-like,  membranous  processes,  or  "  labial  palpi "  (fig.  266,  lp\ 
which  are  two  or  four  in  number,  and  serve  as  organs  of  touch. 


Fig.  266. — Lamellibranchiata.  Diagrammatic  representation  of  the  anatomy  of  a 
siphonate  Bivalve.  The  left  valve  and  left  mantle-lobe  are  removed,  and  the 
siphons  are  cut  short,  u  Umbo ;  ca  Cartilage-pit ;  o  Mouth  ;  Ip  Labial  palpi ; 
a  Stomach,  surrounded  by  liver;  st  Sac  containing  the  crystalline  stylet ;  //Intes- 
tine, perforating  the  heart  (A) ;  r  Rectum,  terminating  in  the  anus ;  ad  Anterior 
adductor ;  pd  Posterior  adductor ;  n  Supra-cesophageal  or  cerebral  ganglion  (the 
mouth  is  a  little  displaced  upwards,  so  that  the  ganelion  comes  to  he  below  the 
gullet  instead  of  above  it);  «'  Parietosplanchnic  or  branchial  ganelion  ;  /  Foot ; 
X  jr,  Cut  edge  of  the  right  mantle-lobe ;  rs  Retractor  muscle  of  the  siphons ;  br 
Branchiae  of  the  left  side;  g  Generative  glands;  x  Inhalant  siphon;  ^  Exhalant 
siphon.  « 

The  food  consists  of  microscopic  organisms  or  particles  of 
broken-down  animal  or  vegetable  matter,  which  enter  the 
mantle-cavity  in  the  in-going  currents  of  water,  and  are  driven 
by  ciliary  action  along  a  groove  formed  by  the  lower  edges  of 
the  branchiae  till  they  reach  the  mouth.  No  dental  apparatus 
of  any  kind  is  developed,  and  the  mouth  opens  into  a  gullet, 
which  conducts  to  a  distinct  stomach.  On  the  right  side  of 
the  stomach,  and  opening  into  it,  is,  in  many  cases,  a  blind 
sac  containing  a  peculiar  transparent  glassy  body,  which  is 
known  as  the  "  crystalline  stylet,"  but  the  functions  of  which 
are  unknown.     This  singular  structure  is  generally  wanting  in 
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the  Monomyaiy  Bivalves.  The  intestine  is  long  and  coiled, 
and  is  surrounded  by  the  spongy,  brownish,  or  greenish  liver, 
and  by  the  generative  glands.  In  the  final  part  of  its  course, 
the  intestine  is  situated  dorsally,  and  (except  in  Ostrea^  Anomia, 
Teredo^  and  Arcci)  perforates  the  ventricle  of  the  heart  It 
finally  passes  dorsally  to  the  posterior  adductor  muscle  (fig. 
266,  r),  and  ends  in  a  distinct  anus,  placed  near  the  point 
where  the  out-going  currents  of  water  are  expelled  fi^om  the 
mantle-cavity. 

The  heart  of  the  Bivalves  (fig.  266,  ?C^  is  situated  dorsally, 
within  a  membranous  chamber,  which  is  termed  the  "peri- 
cardium," but  which  is  not  filled  with  blood.  Typically,  the 
heart  consists  of  a  single  central  ventricle  into  which  the  blood 
is  propelled  by  two  laterally  -  placed  auricles.  The  ventricle 
distributes  the  arterialised  blood  by  means  of  aortic  vessels, 
the  branches  of  which  open  into  the  lacunae  between  the 
tissues.  The  venous  blood  ultimately  reaches  the  gills,  where 
it  is  aerated,  and  the  blood  thus  oxygenated  is  finally  returned 
to  the  auricles. 

The  respiratory  organs  in  all  the  Lamellibranchiata  consist 
of  lamelliform  gills  attached  by  their  bases  to  the  sides  of  the 
body,  and  hanging  freely  in  the  mantle-cavity  (figs.  262,  g^ 
263,  g^  and  266,  br).  Ordinarily  there  are  two  of  these  leaf- 
like gills  on  each  side  of  the  body,  but  in  some  Bivalves  the 
external  pair  of  branchiae  is  absent.  Each  gill  consists  of  two 
laminae  (an  ascending  and  descending  lamina)  united  along 
the  free  margin  of  the  gill,  but  slightly  separated  superiorly. 
Each  lamina  consists  of  hollow  filaments  placed  parallel  to  one 
another,  and  running  continuously  from  one  lamina  to  the 
other.  Adjoining  filaments  are  kept  in  contact  with  one 
another  by  means  of  interlocking  cilia  ("  ciliated  junctions  ") 
developed  at  corresponding  points  on  their  sides.  Moreover, 
the  filaments  of  the  descending  lamella  of  the  gill  are  con- 
nected with  those  in  the  ascending  lamella  by  means  of  hollow 
cross-bars.  The  blood  circulates  through  the  hollow  filaments 
of  the  branchiae,  which  thus  form  a  kind  of  ciliated  grating 
through  and  over  which  the  water  is  driven. 

As  has  been  already  mentioned,  the  arrangements  for  the 
admission  of  water  to  the  gills,  and  its  expulsion  again  fi*om 
the  mantle  -  cavity,  are  essentially  the  same  in  all  Bivalves. 
In  all  cases  the  in-going  current  of  water  enters  the  pallial 
chamber  posteriorly  and  ventrally,  while  the  out-going  current 
escapes  posteriorly  and  dorsally.  In  those  Bivalves  which 
have  free  mantle-lobes  ("  Asiphonate  Bivalves  "),  the  apertures 
for  the  water-currents  are  simply  produced  by  the  apposition  of 
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the  hinder  edges  of  the  mantle-lobes  to  each  ether.  On  the 
other  hand,  in  those  Bivalves  which  have  the  mantle-lobes 
united  ("Siphonate  Bivalves,"  fig.  264),  the  margins  of  the 
"inhalant"  and  "exhalant"  apertures  are  drawn  out  or  ex- 
tended into  longer  or  shorter  muscular  tubes  or  "siphons." 
The  siphons  may  be  separate,  or  they  may  be  united  to  one 
another  along  one  side,  and  they  can  usually  be  partially  or 
entirely  retracted  within  the  shell  by  means  of  special  muscles, 
called  the  "  retractor  muscles  of  the  siphons."  These  siphons 
are  more  specially  characteristic  of  those  Lamellibranchs  which 
spend  their  existence  buried  in  the  sand,  protruding  their  re- 
spiratory tubes  in  order  to  obtain  water,  and  with  it  such 
nutrient  particles  as  the  water  may  contain.  As  has  been 
previously  seen,  the  presence  or  absence  of  retractile  siphons 
can  be  readily  determined  merely  by  inspection  of  the  dead 
shell 

The  kidney  or  "nephridium"  of  the  Bivalves  is  usually 
spoken  of  as  the  "  organ  of  Bojanus,"  and  has  the  form  of  an 
elongated  double  sac,  of  which  there  is  one  on  each  side, 
placed  just  below  the  pericardium,  and  separated  by  a  venous 
sinus.  The  upper  portion  of  the  "  organ  of  Bojanus  "  is  non- 
glandular,  and  opens  into  the  pericardium ;  while  its  lower 
portion  is  glandular,  and  gives  origin  to  a  duct  which  opens 
into  the  mantle-cavity  posteriorly,  often  along  with  the  ducts 
of  the  generative  glands. 

The  nervous  system  consists  of  the  three  normal  pairs  of 
ganglia, — the  "cerebral,"  "pedal,"  and  " parietosplanchnic " 
or  ''visceral"  ganglia.  The  "cerebral"  ganglia  are  placed 
one  on  either  side  of  the  mouth,  often  at  some  distance  from 
one  another ;  the  "  pedal "  ganglia  are  placed  in  the  substance 
of  the  foot,  a  little  above  its  ventral  margin  anteriorly ;  and 
the  "  parietosplanchnic  "  ganglia  are  usually  amalgamated  to 
form  a  bilobed  mass,  which  is  situated  on  the  ventral  face 
of  the  posterior  adductor  muscle.  The  principal  organs  of 
sense  are  the  tactile  labial  palpi,  otocysts,  and  eye-spots.  The 
otocysts,  when  present,  are  placed  below  the  gullet ;  and  the 
ocelli  (which  are  often  wanting)  are  generally  situated  round 
the  margins  of  the  mantle-lobes. 

The  majority  of  the  Bivalves  are  dioecious,  but  a  few  forms 
{Osfrea,  Pecten^  Cyclas^  &c.,)  have  the  sexes  united  in  the 
same  individual.  The  generative  glands  are  usually  in  the 
form  of  lobed  or  racemose  glands,  more  or  less  closely  united 
with  the  hepatic  glands,  and  surrounding  the  intestine  or 
extending  into  the  foot.  The  ducts  of  the  generative  organs 
either  join  the  ducts  of  the  "organ  of  Bojanus,"  or  open 
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separately  in  the  immediate  neighbourhood  of  the  nephridial 
pores.  The  impregnated  ova  are  commonly  hatched  within 
the  pallial  chamber  of  the  parent,  and  the  embryos  are  often 
retained  therein,  until  development  has  become  considerably 
advanced.  Except  in  the  fresh -water  Lamellibranchs,  the 
embryo  generally  exhibits  a  "  trochosphere "  stage,  having  a 
well-developed  ciliated  ring,  or  "velum  " 
(fig.  267),  by  means  of  which  it  swims 
about  actively. 

The  habits  of  the  Lamellibranchiata 
are  very  various.  Some,  such  as  the 
Oyster  (Qr//ra),  and  the  Scallop  {Pecten\ 

^_      habitually  lie  on  one  side,  the  lower 

¥w.  267.-Einb^o  of  Cockle  ^^Ive  being  the  deepest,  and  the  foot 
Jcartiium),  after  Loi^n.  v  bcmg  Wanting,  or  rudimentary.     The 

Cihated  velum;  yf  FlageL    ^^^^^  j^  ^^^  ^^  ^j^^   SubstaUCC  of  the 

valve,  but  the  latter  swims  by  rapidly 
opening  and  closing  the  shell.  Others,  such  as  the  Mussel 
{Afytilus)  and  the  Pinna^  are  attached  to  some  foreign  object 
by  a  "  byssus."  Others  are  fixed  to  some  solid  body  by  the 
substance  of  one  of  the  valves.  Many,  such  as  the  Myas^ 
spend  their  existence  sunk  in  the  sand  of  the  sea-shore  or  in 
the  mud  of  estuaries.  Others,  as  the  Pholades  and  Litkodotni^ 
bore  holes  in  rock  or  wood,  in  which  they  live.  Finally,  many 
are  permanently  free  and  locomotive. 

The  Lamellthranchiata  may  be  divided  into  two  sections, 
according  as  respiratory  siphons  are  absent  or  present,  as 
follows : — 

Sub-class  A.  Asiphonida.  —  Animal  without  respiratory 
siphons ;  mantle  -  lobes  free ;  pallial  line  simple  and  not  in- 
dented {Integropallialiay 

The  principal  families  included  in  this  section  are  the 
Ostreiday  Aviculida^  MytilidcB^  Arcada^  Trigoniada,  and 
Unionida. 

The  Ostreida  (including  the  Oysters,  Scallops,  Anomia,  Thorny  Oysters, 
&C.)  are  all  marine,  and  are  monomyary.  The  Aviculida^  or  Pearl-oysters, 
are  likewise  marine,  but  are  dimyary.  The  Mytilida  (Mussels,  Horse- 
mussels,  &C.)  are  partially  marine  and  partially  fresh- water  forms,  and 
have  a  very  small  anterior  adductor.  The  Arcades  (Ark-shells,  &c.)  are 
exclusively  marine,  as  are  the  nearly  allied  Trigoniada,  Lastly,  the  Union- 
ida  (Fresh- water  Mussels)  are  exclusively  confined  to  rivers  and  lakes. 

Sub-class  B,  Siphonida. — Animal  with  respiratory  siphons; 
mantle-lobes  more  or  less  united. 

Two  subdivisions  are  comprised  in  this  section.  In  the 
first  the  siphons  are  shorty  and  the  pallial  line  is  simple  {Integ- 


LAMELLIBRANCHIATA. 


461 


rcpallialia) ;  as  is  seen  in  the  families  CAamida,  Hippuritida^ 
Tridacniday  CardiadcZy  Lucinida^  Cydadidce^  and  Cyprinida. 

The  second  subdivision  (Sinupallialia)  is  distinguished  by 
the  possession  of  long  respiratory  siphons^  and  a  sinuated  pal- 
lial  line^  and  it  comprises  the  families  Venerida^  Mactrides^ 
Teiiinidce,  SolenidcB^  Myacidce^  Anatinida^  Gastrochanida,  and 
Pholadidce. 

The  Chaff lida  (Thorny  Clams)  are  fixed  to  foreign  bodies  by  the  sub- 
stance of  either  valve  indifferently,  and  are  all  inhabitants  of  the  sea. 
The  extraordinary  extinct  group  of  the  Hippuritida^  from  the  fossils  asso- 
ciated with  them,  are  known  to  have  been  also  marine  ;  and  they  are  often 
found  in  great  beds  like  Oysters,  attached  to  one  another  and  to  foreign 
objects  by  the  beak  of  the  right  valve.  The  Tridactnda  (Giant  Clams) 
have  a  similar  habitat,  and  the  shell  may  attain  a  weight  of  five  hundred 
pounds.  The  Cardiada  (Cockles)  and  Ludnidos  are  also  marine,  as  are 
the  CypfHttida ;  but  the  Cycladida  are  fresh-water  and  brackish-water 
forms.  The  Venefrida  (Clams)  are  amongst  the  most  beautiful  of  the  Bi- 
valves, and  are  found  in  all  seas,  attaining  their  maximum  in  warm  regions. 
The  Afactrida  (Trough-shells)  and  TelHttida  are  mostly  marine,  though 
also  found  in  brackish  waters  ;  and  the  Solenida  (Razor-shells),  Myacidcs^ 
and  Anaiinida  are  essentially  marine,  though  some  of  the  Myadda  extend 
their  range  for  a  considerable  distance  above  the  mouths  of  rivers.  The 
Gastrochafiida  are  all  natives  of  the  sea,  and  have  a  burrowing  habit,  bor- 
ing holes  for  habitation  in  rocks,  or  living  in  the  mud.  Lastly,  the  Phola- 
dida  (Piddocks  and  Ship-worms)  bore  holes  in  stone  or  wood,  in  which 
they  live,  and  are  all  marine  in  habit  The  Ship-worms  {Teredo)  have 
long  worm-like  bodies,  and  do  an  immense  amount  of  harm  by  honey- 
combing with  their  burrows  the  sides  of  ships,  or  other  wooden  structures 
immersed  in  the  sea. 


As  regards  their  distribution  in  time^  the  Lamellibranchs  are 
a  very  ancient  group,  the  earliest  representatives  of  the  class 
being  found  in  the  Cambrian,  rock&j-  Upon  the  whole,  the 
Asiphonate  Bivalves  are  more  characteristically  £alagozoic»^_ 
wMle  IhosflR  which  the  mantle-lobes  are  united  and  there  are 
respiratory  siphons,  are  principally  found  in  the  SecondaQriind 
TgrU^y^Ogfcg- — Oiie^of  the  principal  Palseozoic^groups  is  that 
of  the  AvicuiidcB,  while  the  Myttiida  are  also  largely  repre- 
sented. Monomyary  types  appear  in  the  later  portion  of  the 
Palaeozoic  period,  numerous  forms  {Aviculopectm^  &c.)  allied 
to  the  recent  Scallops  occurring  in  the  Carboniferous  rocks. 
With  the  commencement  of  the  Secondary  period,  in  the 
Trias,  many  old  types  disappear,  and  new  ones  take  their 
places.  Monomyary  Bivalves  are  now  numerous,  but  among 
the  Dimyary  forms  the  Asiphonate  families  still  predominate. 
The  forms  with  long  retractile  siphons  {Sinupallialia)  begin 
with  a  few  types  in  the  Trias,  and  gradually  become  more 
numerous  as  we  pass  upwards.      The    Venerida^  which  are 
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perhaps  the  most  highly  organised  of  the  groups  of  the 
Lamellibranchs,  appear  for  the  first  time  in  the  Jurassic  rocks, 
and  increasing  in  the  Tertiaries,  have  culminated  in  the 
Recent  period  The  singular  group  of  the  Hippuritida  is 
exclusively  confined  to  the  Cretaceous  period. 


CHAPTER    XL. 

GASTROPODA,   POLYPLACOPHORA,  AND 
SCAPHOPODA. 

Division  Encephala,  or  Cephalophora. — The  remaining 
three  classes  of  the  Mollusca  all  possess  a  distinctly  differen- 
tiated head,  and  all  are  provided  with  a  peculiar  masticatory 
apparatus,  which  is  known  as  the  "  odontophore."  For  the 
first  of  these  reasons  they  are  often  grouped  together  under 
the  name  Encephala;  and  for  the  second  reason  they  are 
united  into  a  common  division  under  the  name  of  Odontophora 
(Huxley),  or  Glossophora  (Lankester). 

Class  IL  Gastropoda  (or  Gasteropoda). 

The  members  of  this  class  are  Mollusca  with  a  more  or  less 
distinct  head^  and  a  generally  unsymmetrical  body.  The  mantle 
is  never  divided  into  two  lobes,  and  the  shell,  ivhen  present^  is 
usually  univalve  (niultivalve  in  Chitonidce),  The  ^^foot^^  is  well 
developed^  and  usually  has  the  form  of  a  broad  horizontally- 
flattened  ventral  disc,  upon  which  the  animal  creeps.  Rarely , 
the, foot  is  injheform  of  a  vertically-flattened,  ventral,  fin-like 
organ. 

The  body  in  the  Gastropods  is  composed  of  three  principal 
portions — a  head,  foot,  and  visceral  sac — the  last  of  these 
being  more  or  less  completely  protected  by  a  fold  of  the 
dorsal  integument  constituting  the  "mantle."  Except  in  the 
Chitons,  the  body  is  distinctly  unsymmetrical,  and  the  mantle 
is  never  divided  into  a  right  and  left  lobe,  while  the  visceral 
sac  is  often  coiled  up  spirally.  The  foot  is  typically  in  the 
form  of  a  broad  flattened  muscular  disc,  developed  upon  the 
ventral  surface  of  the  body,  and  not  exhibiting  any  distinct 
division  into  parts.  In  the  Heteropoda,  however,  and  in  the 
Wing-shells  {StrombidcB),  the  foot  exhibits  a  division  into  three 
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portions :  an  anterior,  the  "  propodium " ;  a  middle,  the 
**  mesopodium  " ;  and  a  posterior  lobe,  or  **  metapodium." 
In  the  Heteropoda^  the  foot  is  flattened,  and  forms  a  ventral 
fin,  by  means  of  which  the  animal  swims,  back  downwards. 


Fig.  26%.—AtnpuUaria  canaliculata^  one  of  the  Apple-shells,    o  Operculum ; 
s  Respiratory  siphon. 

In  some,  again,  the  upper  and  lateral  surfaces  of  the  foot 
are  expanded  into  muscular  side-lobes,  which  are  called  "  epi- 
podia."  In  many  cases  the  metapodium,  or  posterior  portion 
of  the  foot,  secretes  a  calcareous,  homy,  or  fibrous  plate, 
which  is  called  the  "  operculum  "  (fig.  269,  ^),  and  which  serves 
to  close  the  orifice  of  the  shell  when  the  animal  is  retracted 
within  it 

The  shell  of  the  Gastropods  is  a  secretion  from  the  mantle, 
and  is  always  present  in  the  embryo.  It  is,  however,  wanting 
in  the  adults  of  the  Nudibranchs  and  in  some  other  forms, 
and  it  is  in  other  cases  very  minute,  and  hidden  in  the  mantle 
(as,  for  example,  in  the  Slugs).  From  the  very  general  occur- 
rence of  a  shell  which  is  "  univalve,"  or  composed  of  a  single 
piece,  the  Gastropods  are  commonly  spoken  of  as  the  **  Uni- 
valve Molluscs."  In  the  Chitons  (Polyplacophora\  however, 
the  shell  is  **  multivalve,"  and  consists  of  eight  plates  arranged 
in  a  longitudinal  series.  In  its  chemical  composition  the  shell 
is  composed  of  carbonate  of  lime  (sometimes  in  the  condition 
of  calcite,  sometimes  in  that  of  aragonite).  Its  inner  layer  is 
often  nacreous,  and  it  grows  by  additions  made  to  its  free 
margin  by  the  muscular  edge  ("collar")  of  the  mantle,  in 
which  numerous  pigment-glands  are  contained.  Primitively 
the  shell  is  covered  with  a  cuticular  homy  layer  ("epi- 
dermis "),  but  this  often  disappears  with  age.  In  many  cases, 
the  mantle  becomes  reflected  over  the  shell,  the  outer  surface 
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of  which  may  thus  become  covered  with  a  layer  of  enamel  (as 
in  the  Cowries). 

The  ordinary  univalve  shell  of  the  Gastropods  is  to  be  re- 
garded as  essentially  a  cone,  the  apex  of  which  is  more  or  less 
oblique.  In  the  simplest  form  of  the  shell,  the  conical  shape 
is  retained  without  any  alteration,  as  is  seen  in  the  common 
Limpet  {Patella),  In  the  great  majority  of  cases,  however, 
the  cone  is  considerably  elongated,  so  as  to  form  a  tube,  which 
may  retain  this  shape  (as  in  Dentalium),  but  is  usually  coiled 
up  into  a  spiral.     The  "spiral  univalve"  (figs.  269,  270)  may, 


Fig.  269.— A,  Sketch  of  a  Whelk  {Buccinum  undatum)  in  motion :  /  Foot ;  h  Head 
carrying  the  feelers  {t\  with  the  eyes  {e)  at  their  bases ;  /  Proboscis  ;  s  Respiratory 
siphon,  or  tube  by  which  water  is  admitted  to  the  gills ;  o  Operculum.  B,  Shell  of 
the  Whelk  :  a  Spire :  b  Bodv-whorl ;  n  Notch  in  the  front  margin  of  the  mouth  of 
the  shell ;  m  Outer  Up  of  the  mouth  of  the  shell.  This  figure  is  half  the  natural 
size.  C,  A  small  cluster  of  the  egg<apsules  of  the  Whelk.  (B  and  C  are  after 
Woodward.) 

in  fact,  be  looked  upon  as  the  typical  form  of  the  shell  in  the 
Gastropoda,  In  some  cases  the  coils  of  the  shell — termed 
technically  the  "whorls" — are  hardly  in  contact  with  one 
another  (as  in  Vermetus),  More  commonly  the  whorls  are  in 
contact,  and  are  so  amalgamated  that  the  inner  side  of  each 
convolution  is  formed  by  the  pre-existing  whorl.  In  some 
cases  the  whorls  of  the  shell  are  coiled  round  a  central  axis  in 
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the  same  plane,  when  the  shell  is  said  to  be  "  discoidal "  (as  in 
the  common  fresh-water  shell  Planorbis),  In  most  cases, 
however,  the  whorls  are  wound  round  an  axis  in  an  oblique 
manner,  a  true  spiral  being  formed,  and  the  shell  becoming 
"  turreted,"  "  trochoid,"  "  turbinated,"  &c.  This  last  form  is 
the  pne  which  may  be  looked  upon  as  most  characteristic  of 
the  Gastropods,  the  shell  being  composed  of  a  number  of 
whorls  passing  obliquely  round  a  central  axis  or  ".columella," 
having  the  embryonic  shell  or  "nucleus"  at  its  apex,  and 
having  the  mouth  or  "aperture"  of  the  shell  placed  at  the 
extremity  of  the  last  and  largest  of  the  whorls,  termed  the 
"body-whorl "  (fig.  269).     The  lines  or  grooves  formed  by  the 


Fig.  270.— Anterior  and  posterior  views  of  Cassis  cunceiiata^  a  spiral  Gastropod,  a 
**  Spire,"  placed  at  the  posterior  end  of  the  shell;  h  "  Mouth,"  placed  at  the  anterior 
end  of  the  shell ;  c  Inner  or  columellar  lip;  d  Outer  lip;  e  Notch  for  the  passage  of 
a  respiratory  siphon. 

junction  of  the  whorls  are  termed  the  "  sutures,"  and  the 
whorls  above  the  body-whorl  constitute  the  "spire"  of  the 
shell.  The  axis  of  the  shell  (columella)  round  which  the 
whorls  are  coiled  is  usually  solid,  when  the  shell  is  said  to  be 
"  imperforate  " ;  but  it  is  sometimes  hollow,  when  the  shell  is 
said  to  be  "  perforated,"  and  the  aperture  of  the  axis  near  the 
mouth  of  the  shell  is  called  the  "  umbilicus."  The  margin  of 
the  "aperture"  of  the  shell  is  termed  the  "peristome,"  or 
"peritreme,"  and  is  composed  of  an  outer  and  inner  lip,  of 
which  the  former  is  often  expanded  or  fringed  with  spines. 
When  these  expansipns  or  fringes  are  periodically  formed,  the 
place  of  the  mouth  of  the  shell  at  different  stages  of  its  growth 
is  marked  by  ridges  or  rows  of  spines,  which  cross  the  whorls, 
and  are  called  "varices."  In  most  of  the  phytophagous 
Gastropods  {Holostomata)  the  aperture  of  the  shell  (fig.  273) 
is  unbrokenly  round  or  "  entire,"  but  in  the  carnivorous  forms 
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{Siphonostomatd)  it  is  notched,  or  produced  into  a  canal  (fig. 
269).  Often  there  are  two  of  these  canals,  an  anterior  and  a 
posterior,  but  they  do  not  necessarily  indicate  the  nature  of 
the  food,  as  their  function  is  to  protect  the  respiratory  siphons. 
The  animal  withdraws  into  its  shell  by  a  retractor  muscle, 
which  passes  into  the  foot,  or  is  attached  to  the  operculum ; 
its  scar  or  impression  being  placed,  in  the  spiral  Univalves, 
upon  the  columella.     In  the  great  majority  of  the  Univalves 


Fig.  371. — A,  Radula  of  the  Whelk  {fiuccinum  U9idatum\  enlarged.  B,  One  row  of  the 
lingual  teeth  of  Cyj^rtra  euro^a.  C,  Lingiial  teeth  of  Trochus  cintrarius^  showing 
the  median  row  and  the  teeth  on  one  side  of  this.  D,  Section  of  the  odontophore 
of  a  Gastropod :  /  Upper  lip ;  /  Lower  lip ;  a  CEsophagus  cut  through  longitu- 
dinally ;  fH  One  of  the  homy  mandibles ;  r  Raduki  or  lingual  ribbon ;  n  Posterior 
end  of  the  secreting  sac  in  which  the  radula  is  produced  ;  b  Layer  of  cells  forming 
the  bed  of  the  radula;  c  Cartilaginous  piece  developed  in  the  floor  of  the  pharynx, 
and  servingfor  the  support  of  the  radula  and  for  the  attachment  of  the  muscles  which 
work  it.  The  arrow  shows  the  direction  in  which  the  radula  is  moved.  (A,  B,  and 
C  ai«  after  S.  P.  Woodward.    D  is  after  Ray  LankesterX 

the  shell  is  coiled  to  the  left,  the  "  mouth  "  of  the  shell  being 
thus  on  the  right-hand  side  (fig.  270).  In  such  cases  the  shell 
is  said  to  be  right-handed  or  "dextral."      In  other  cases, 
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however,  the  shell  is  coiled  to  the  right,  and  the  mouth  is  on 
the  left,  and  the  shell  becomes  "  reversed  "  or  "  sinistral."  The 
left-handed  spiral  may  be  the  normal  condition  of  the  shell,  or 
it  may  be  only  a  variety  of  a  normally  dextral  form. 

As  regards  their  internal  anatomy,  the  head  of  the  Gastro- 
pods is  usually  very  distinctly  marked  out,  and  is  generally 
provided  with  tentacles  and  eyes.  Very  often,  there  is  an 
elongated  retractile  proboscis,  with  ear-sacs,  containing  otoliths, 
at  its  base.  The  mouth  opens  at  the  front  of  the  head,  and 
leads  into  a  buccal  cavity  or  pharynx,  into  which  salivary 
glands  pour  their  secretion  (fig.  272,  n).    The  upper  wall  of 


Fig.  37a.— Diagram  of  the  structure  of  a  Gastropod  (the  Common  Whelk).  /The  mus- 
cular "  foot " ;  0/  The  oi>ercuIum ;  /  One  of  the  tentacles,  or  feelers,  with  an  eye  at 
its  base ;  /  The  proboscis,  retracted,  with  the  mouth  at  its  extremity ;  tfe  Gullet ; 
^Stomach;  t  Intestine,  terminating  in  the  anus;  nn  Salivary  glands ;  /The  liver 
and  the  ovary ;  ev  Oviduct ;  A  The  heart ;  dc  The  gill,  contained  in  a  hood  of 
the  mantle ;  s  Breathing-tube  or  siphon ;  c  and  c  The  nu^in  nerve-ganglia. 

the  pharynx  very  generally  carries  homy  jaws,  in  the  form 
of  two  lateral  mandibles  or  of  a  median  plate.  Within  the 
pharynx  is  also  found  the  singular  masticatory  apparatus  known 
as  the  "  odontophore"  (fig.  271).  This  is  a  tubular  involution 
of  the  ventral  side  of  the  pharynx  in  the  middle  line,  in  which 
is  developed  a  chitinous  band,  which  is  beset  with  minute 
transversely-arranged  teeth,  and  is  known  as  the  "  radula "  or 
"  lingual  ribbon  "  (fig.  271,  D).    The  arrangement  of  the  teeth 
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differs  greatly  in  different  cases,  but  they  are  usually  disposed 
in  a  principal  median  series,  flanked  by  two  or  more  lateral 
rows  (fig.  271,  A,  B,  C);  and  their  form  and  disposition  are 
so  constant  as  to  afford  one  of  the  mo3t  valuable  aids  to  the 
classification  of  the  Gastropods.  The  radula  is  supported  in 
front  by  a  cartilaginous  cushion  (fig.  271,  D,  c)  developed  in 
the  floor  of  the  pharynx,  and  this  cushion  can  be  brought 
forward  or  retracted  by  special  muscles.  In  this  way  the 
radula  can  be  made  to  act  like  a  file,  rasp,  or  chain-saw.  In 
other  cases,  the  whole  sac  in  which  the  lingual  ribbon  is  con- 
tained can  be  made  by  muscular  action  to  move  backwards 
and  forwards  over  its  supporting  cushion.  The  wear  and  tear 
of  the  radula  in  firont  is  compensated  for  by  the  continued 
growth  of  the  hinder  end  of  the  ribbon  in  its  secreting  sac. 

The  gullet  leads  into  a  well-marked  stomach  (fig.  272,  g)y 
and  the  intestine,  which  is  often  long  and  much  coiled,  ter- 
minates by  a  distinct  anus,  which  is  usually  placed  anteriorly 
on  the  right  side  of  the  neck.  In  the  Chitons  the  aperture 
of  the  anus  is  posterior.  There  is  usually  a  large  and  well- 
developed  liver,  the  lobes  of  which  surround  the  intestine  (fig. 
272,  /),  and  occupy  the  upper  part  of  the  visceral  sac. 

The  heart  of  the  Gastropods  (fig.  272,  A)  is  situated  dorsally, 
and  consists  of  an  auricle  and  ventricle,  or  of  two  auricles  and 
a  ventricle,  enclosed  in  a  pericardial  chamber.  The  aerated 
blood  from  the  gills  is  returned  into  the  auricle,  and  driven 
into  the  ventricle,  from  which  arise  the  great  systemic  vessels. 
The  arteries  appear  to  usually  terminate  in  lacunar  blood- 
spaces  between  the  tissues,  but  in  other  cases  capillary  vessels 
are  stated  to  intervene  between  the  arteries  and  veins. 

Respiration  is  variously  effected ;  the  members  of  one  great 
section  {Branchiogastropoda)  being  constructed  to  breathe  air 
dissolved  in  water,  while  in  another  division  (Pulmogastropoda) 
the  respiration  is  aerial.  In  the  former  division,  respiration  may 
be  effected  in  several  ways.  Firstly,  there  may  be  no  specialised 
respiratory  organ,  the  blood  being  simply  exposed  to  the  water 
in  the  thin  walls  of  the  mantle-cavity  (as  in  some  of  the  Hetero- 
poda).  Secondly,  the  respiratory  organs  may  be  in  the  form 
of  outward  processes  of  the  integument,  exposed  in  tufts  on 
the  back  and  sides  of  the  animal  (as-  in  the  Nudibranchiata). 
Thirdly,  the  respiratory  organs  may  have  the  form  of  pectinated 
or  plume-like  branchiae,  contained  in  a  more  or  less  complete 
branchial  chamber  formed  by  an  inflection  of  the  mantle  (fig. 
272,  be).  In  many  members  of  this  last  section  the  water 
obtains  access  to  the  gills  by  means  of  a  tubular  prolongation 
or  folding  of  the  mantle,  forming  a  "siphon"  (fig«  268,  s)^ 
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the  effete  water  being  expelled  by  another  posterior  siphon 
similarly  constructed. 

The  number  of  gill-plumes  differs  in  different  groups.  In 
most  cases  there  is  only  a  single  branchial  plume,  placed  on 
the  right  side  of  the  neck ;  in  other  cases  an  additional  gill 
is  present  on  the  left  side ;  and  in  other  forms,  again  (e,g.y 
Patella)^  the  gills  are  multiple  and  are  arranged  in  a  circle. 
Lastly,  in  the  Pulmonate  Gastropods  the  breathing-organ  is  a 
pulmonary  chamber,  formed  by  an  inflection  of  the  mantle, 
the  walls  of  which  are  richly  supplied  with  blood,  while  air  is 
admitted  to  its  interior  by  a  distinct  aperture.  A  transition 
between  the  Branchiate  and  Pulmonate  groups  is  effected  by 
forms  like  Ampullariay  in  which  gills  are  present,  but  the  walls 
of  the  mantle-cavity  are  in  parts  highly  vascular,  and  are  thus 
adapted  for  aerial  respiration. 

The  kidney  of  the  Gastropods  corresponds  with  the  "organ 
of  Bojanus "  of  the  Bivalves,  but  is  usually  single  (a  pair  of 
kidneys  exist  in  Patella).  It  is  a  lamellar  or  spongy  sac,  placed 
near  the  heart,  and  opening  internally  into  the  pericardium  \ 
the  external  opening  of  its  duct  being  placed  in  the  mantle- 
cavity  in  the  neighbourhood  of  the  anus. 

The  nervous  system  of  the  typical  Gastropods  consists  of 
three  principal  pairs  of  ganglia  so  arranged  as  to  form  a  double 
circum-oesophageal  ring.  The  cerebral  ganglia  are  connected 
by  a  commissure  above  the  gullet,  and  give  off  two  lateral 
commissures  on  each  side.  One  of  these  commissures  goes  to 
the  pedal  ganglion  on  each  side ;  the  other  goes  to  a  second 
laterally-placed  ganglion,  which  belongs  to  the  group  of  the 
"visceral"  or  "  parietosplanchnic "  ganglia,  and  which  is 
termed  the  "  pleural "  ganglion.  The  two  pleural  ganglia  are 
connected  by  commissures  with  the  pedsd  ganglia,  and  are 
also  connected  with  one  another  by  a  long  posteriorly  directed 
"visceral"  commissure,  upon  which  ganglia  are  commonly 
developed.  As  regards  sense-organs,  there  are  usually  two 
eyes,  which  are  commonly  situated  at  the  summit  or  base  of  a 
pair  of  cephalic  tentacles.  Two  auditory  sacs  (otocysts)  are 
usually  present,  and  are  placed  close  to  the  pedal  ganglia. 
The  cephalic  tentacles  are  the  principal  organs  of  touch. 
Lastly,  there  exists  on  the  front  of  the  visceral  sac  a  peculiar 
ciliated  single  or  double  organ  ("  Spengel's  organ  "),  which  is 
believed  to  have  an  olfactory  function. 

The  typical  Gastropods  (Prosobranchiata)  have  the  sexes  in 
different  individuals ;  but  the  Opisthobranchiate  and  Pulmon- 
ate forms  are  monoecious.  In  these  latter,  the  ovary  and  testis 
are  usually  combined  to  form  a  common  generative  gland 
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("  hermaphrodite  gland  ").  In  addition  to  the  oviduct  (which 
is  often  dilated  inta  a  "uterus")  and  the  vagina,  there  are 
usually  appended  to  the  female  organs  an  '*  albumen  gland " 
and  a  "  receptaculum  seminis."  The  male  organs  consist  in 
general  of  a  testis,  vas  deferens,  vesicula  seminalis,  and  a 
distinct  penis. 

A  few  Gastropods  retain  the  eggs  within  the  uterus  until 
they  are  hatched ;  but  the  majority  are  oviparous.  The  eggs 
are  often  laid  in  the  form  of  a  string  or  band  {**  nidamental 
ribbon  ") ;  or  they  may  be  enclosed  in  homy  capsules  (as,  for 
example,  in  the  common  Whelk,  fig.  269,  C).  The. young, 
when  first  hatched,  are  provided  with  an  embryonic  shell, 
which  in  the  adult  may  become  concealed  in  a  fold  in  the 
mantle,  or  may  be  entirely  lost.  In  the  common  spiral  Uni- 
valves the  embryonic  shell  remains  at  the  summit  of  the  spire 
as  the  "  nucleus  "  of  the  adult  shell.  In  the  branchiate  Gas- 
tropods the  embryo  (fig.  261)  is  protected  by  a  small  nautiloid 
shell,  and  passes  through  a  "  veliger "  stage,  swimming  freely 
by  means  of  a  ciliated,  often  lobed  "velum."  Among  the 
Pulmonate  Gastropods,  those  which  are  strictly  terrestrial  pass 
through  no  metamorphosis,  the  "  velum  "  being  absent  in  the 
embryo. 


CHAPTER   XLI. 

DIVISIONS  OF  THE  GASTROPODA, 

The  Gastropoda  are  divided  into  two  primary  sections  or  sub- 
classes, according  as  the  respiratory  organs  are  adapted  for 
breathing  air  directly  or  dissolved  in  water:  termed  respec- 
tively the  Pulmonata,  Pulmonifera^  or  Pulmogastropoda^  and 
the  Branchiata^  Branchifera^  or  Branchiogastropoda, 

Sub-class  A.  Branchiata  or  Branchiogastropoda. — In 
this  sub-class  respiration  is  aquatic^  effected  by  the  thin  walls 
of  the  mantle-cavity,  by  external  branchial  tufts,  or  by  pectin- 
ated or  plume-like  gills  contained  in  a  more  or  less  complete 
branchial  chamber. 

This  sub-class  comprises  three  orders — viz.,  the  Prosobranch- 
iatOy  the  Opisthobranchiata^  and  the  Heteropoda, 

Order  I.  Prosobranchiata. — The  members  of  this  order 
are  Gastropods  in  which  the  gills  are  situated  in  front  of  the 
heart,  and  the  auricle  is  placed  in  front  of  the  ventricle.     The 
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gills  are  typically  plume-like,  and  are  lodged  in  a  branchial 
chamber  formed  by  a  fold  of  the  mantle.  The  foot  is  large 
and  adapted  for  creeping,  and  the  sexes  are  distinct. 

The  order  Prosobranchiata  includes  the  most  characteristic 
members  of  the  Branchiate  Gastropods,  and  is  divisible  into 
two  principal  sections,  termed  respectively  Siphonostomata  and 
Holostomatay  according  as  the  aperture  of  the  shell  is  notched 
or  produced  into  a  canal,  or  is  simply  rounded  and  "  entire." 

The  Siphonostomata^  of  which  the  common  Whelk  (Buccinum 
undatum,  fig.  269)  may  be  taken  as  an  example,  are  all  marine, 
and  are  mostly  carnivorous  in  their  habits.  The  mouth  of 
the  shell  is  notched  in  front,  or  is  produced  into  a  canal,  for 
the  lodgment  of  a  "  siphon "  or  fold  of  the  mantle,  by  which 
water  is   introduced  into   the  branchial  chamber  (fig.  274). 


Fig.  273. — Scalaria  Grttn- 
landica^  a  Holostoma* 
lous  Univalve. 


Fig.  274.  —  OUwi  /or- 
/hyria,  a  Siphonos* 
tomatous  Univalve. 


Fig.  275.  —  Ceriihium 
alucot  a  Univalve 
of  the  section  Hoi- 
ostomaia^  but  with 
the  shell  •  mouth 
channelled. 


The  following  families  are  comprised  in  this  section :  Strom- 
bida  (Wing-shells),  Muricida^  Buccinida  (Whelks),  Conida 
(Cones),   VolutidcRy  and  Cypraida  (Cowries). 

The  HolostomatOy  of  which  the  common  Periwinkle  (Zitto- 
rina  littored)  is  a  good  example,  are  either  spiral  or  limpet- 
shaped,  the  aperture  of  the  shell  being  in  most  cases  entire 
(fig.  273).  In  some  forms  {e,g,^  in  Cerithium^  fig.  275)  the 
aperture  of  the  shell  is  channelled  in  front.  They  are  mostly 
plant-eaters,  and  they  may  be  either  marine  or  inhabitants  of 
fresh  water.  The  following  families  are  included  in  this  sec- 
tion: Naticida^  Fyramidellida^  Cerithiada^  Melaniada,   Tur- 
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ritellidcR^  Littorinida  (Periwinkles),  Paludinida  (River-snails), 
Neritida^  Turbinida  (Top-shells),  Haliotida  (Ear-shells),  Fis- 
sureUidcRy  (Key-hole  Limpets),  Calyptraida  (Bonnet  Limpets), 
and  Patellida  (Limpets). 

Order  II.  Opisthobranchiata. — ^The  members  of  this 
order  are  Gastropods  in  which  the  branchiae  are  situated  be- 
hind the  heart,  and  the  auricle  is  behind  the  ventricle  of  the 
heart  The  gills  are  not  usually  contained  in  a  special  branch- 
ial chamber,  and  are  commonly  more  or  less  exposed  to  view. 
The  shell  is  wanting  or  present,  being  in  the  latter  case  often 
rudimentary.     The  sexes  are  united  in  the  same  individual. 

The  Opisthobranchiata,  or  "  Sea-slugs,"  may  be  divided  into 
two  sections,  the  Tectibranchiata  and  Nudibranchiata^  accord- 
ing as  the  branchia  are  protected  or  are  uncovered. 

The  first  section,  that  of  the  Tectibranchiata^  is  distinguished 
by  the  fact  that  the  animal  is  usually  provided  with  a  shell, 
both  in  the  larval  and  adult  state,  and  that  the  branchiae  are 
protected  by  the  shell  or  by  the  mantle.  Under  this  section 
are  included  the  families  of  the  TomatellidcB^  Buliidcd  (Bubble- 
shells),  Aplysiada  (Sea-hares),  Plcurobranchida^  and  Phylli- 
diada. 

In  the  second  section,  that  of  the  Nudibranchiata  (fig.  276), 
the  animal  is  destitute  of  a  shell, 
except  in  the  embryo  condition, 
and  the  branchiae  (rarely  absent, 
as  in  JJmapontia  and  Rhodope)  are 
always  placed  externally  on  the 
back  or  sides  of  the  body.  This 
<     XT  jv      V         n    •    section    comprises     the     families 

Fig.  a76.— Nudibranchiata.      Dons     ri      -j      /o         i  \     m  '^      -    j 

y^^Aiw/Mu,  one  of  the  Sea-lemons.  Dortdce  (Sea-lemons),  Tntontadcc^ 
jEoIidcBy  PhyllirhoidcBy  and  Eiysi- 
ada.  Specimens  of  the  Sea- slugs  and  Sea-lemons  may  at  any 
time  be  found  creeping  about  on  sea-weeds,  or  attached  to  the 
under  surface  of  stones  at  low  water.  The  head  is  furnished 
with  tentacles,  which  appear  to  be  rather  connected  with  the 
sense  of  smell  than  to  be  used  as  tactile  organs ;  and  behind 
the  tentacles  are  generally  two  eyes.  Locomotion  is  effected, 
as  in  the  true  Slugs,  by  creeping  about  on  the  flattened  foot. 

Order  III.  Heteropoda  (Nucleobranchiata).  —  The 
members  of  this  group  are  pelagic,  free-swimming  Gastropods, 
in  which  the  foot  is  converted  into  a  vertically-flattened  fin- 
like organ.  The  head  is  large,  and  bears  a  pair  of  highly- 
developed  and  movable  eyes.     The  sexes  are  distinct. 

The  Heteropoda  are  pelagic  in  their  habits,  and  are  found 
swimming  at  the  surface  of  the  sea.     They  are  to  be  regarded 
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as  the  most  highly  organised  of  all  the  Gastropoda^  at  the 
same  time  that  they  are  not  the  most  typical  members  of  the 
class.  Some  of  them  can  retire  completely  within  their  shells, 
closing  them  with  an  operculum  ;  but  most  have  large  bodies, 
and  the  shell  is  either  small  (fig.  277)  or  entirely  wanting. 


Fig.  277.— Hcteropoda.    Carinaria cymbium,  /Proboscis;  /Tentacles;  ^Branchiae; 
9  Shell ;  /  Foot ;  d  Disc.    {After  Woodward.) 

They  swim  by  means  of  a  flattened  ventral  fin,  or  by  an  elon- 
gated tail,  and  adhere  at  pleasure  to  sea-weed  by  a  small 
sucker  situated  on  the  side  of  the  fin.  These  organs  are 
merely  modifications  of  the  foot  of  the  ordinary  Gastropods ; 
the  fin-like  tail  being  the  "metapodium"  (as  shown  by  its 
occasionally  carrying  an  operculum),  the  sucker  being  the 
" mesopodium,"  and  the  ventral  fin  being  a  modified  "pro- 
podium."  The  "  epipodia  "  are  apparently  altogether  wanting. 
Respiration  is  sometimes  carried  on  by  distinct  branchiae,  but 
in  many  cases  these  are  wanting,  and  the  function  is  performed 
simply  by  the  walls  of  the  pallial  chamber. 

The  Heteropoda  are  divided  into  the  two  families  Firolida 
and  Atlantida^  the  former  characterised  by  having  a  small 
shell  covering  the  circulatory  and  respiratory  organs,  or  by 
having  no  shell  at  all;  whilst  in  the  latter  there  is  a  well- 
developed  shell,  into  which  the  animal  can  retire,  and  an 
operculum  is  often  present 

Sub -CLASS  B.  Pulmonata  or  Pulmogastropoda.  —  In 
this  sub-class  of  the  Gastropoda  respiration  is  aerial,  and  is 
carried  on  by  an  inflection  of  the  mantle,  forming  a  pulmonary 
chamber  into  which  air  is  admitted  by  an  external  aperture. 
The  sexes  are  united  in  the  same  individual. 

The  Pulmonata  include  the  ordinary  Land-snails,  Slugs, 
Pond -snails,'  &c.,  and  are  usually  provided  with  a  well- 
developed  shell,  though  this  may  be  rudimentary  (as  in  the 
Slugs).    Though  formed  to  breathe  air  directly,  many  of  the 
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members  of  this  sub-class  are  capable  of  inhabiting  fresh 
water.  The  common  Pond-snails  are  good  examples  of  these 
last.  The  condition  of  the  shell  varies  greatly.  Some,  such 
as  the  common  Land-snails,  have  a  well-developed  shell,  within  ^ 
which  the  animal  can  withdraw  itself  completely.  Others, 
such  as  the  common  Slugs  (fig.  278),  have  a  rudimentary  shell, 
which  is  completely  concealed  within  the  mantle. 

The  head  is  well  developed,  and  carries  two  or  four  ten- 


Fig.  978. — Limax  Sowtriyi,  one  of  the  Slugs.    (After  Woodward. 

tacles.  The  eyes  are  sometimes  situated  at  the  base  of  the 
tentacles,  as  in  the  Pond-snails.  In  the  Land-snails,  on  the 
other  hand,  in  which  there  are  four  tentacles,  the  hinder  pair 
of  feelers  are  long  and  retractile,  and  carry  the  eyes  at  their 
tips.  The  mouth  usually  carries  superiorly  an  unpaired  homy 
jaw ;  and  a  radula  is  present.  The  opening  of  the  pulmonary 
chamber  is  placed  on  the  right  side  of  the  neck  (under  cover 
of  the  shell  in  the  Land-snails),  and  the  openings  of  the  anus 
and  kidney  are  close  beside  it.  The  generative  apertures  are 
also  placed  on  the  right  side  of  the  neck,  but  further  forward. 

In  most  of  the  Pulmonates  {Inoperculatd)  the  foot  does  not 
produce  an  operculum,  but  many  of  such  forms  close  the 
mouth  of  the  shell  during  periods  of  torpidity  with  a  tempor- 
ary curtain  ("  epiphragm ")  of  hardened  mucus,  in  which  a 
little  lime  is  sometimes  deposited.  The  Inoperculate  Pul- 
monates comprise  the  families  of  the  Helicida  (Land-snails), 
LimaddcB  (Slugs),  Oncidiada^  Limrueida  (Pond-snails),  and 
Aurioilida, 

On  the  other  hand,  in  the  two  families  of  the  Cyclostomida 
and  Aciculida — hence  called  Operculata  —  the  foot  produces 
a  homy  operculum.  The  Cyciostomida  are,  however,  often 
regarded  as  being  really  referable  to  the  Holostomatous 
section  of  the  Prosobranchiate  Gastropods. 

Distribution  of  the  Gastropoda  in  Space. — As  a  class, 
the  Gastropoda  have  a  world-wide  range,  some  forms  being 
exclusively  marine,  others  inhabiting  fresh  waters,  while  others, 
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again,  live  upon  the  land.  Amongst  the  Prosobranchiates^  the 
entire  order  of  the  Siphonostomata^  and  the  majority  of  the 
Holostamatay  are  marine ;  but,  amongst  the  latter,  the  Mela- 
niada  2Xi^\Paludinida  are  confined  to  fresh  waters,  and  the 
Cerithiada  and  Neritidce  include  a  number  of  fresh  or  brackish 
water  forms.  The  Optstkobranchiates  are  exclusively  marine, 
mostly  littoral  in  their  habits,  but  occasionally  oceanic.  The 
Heteropoda  are  exclusively  marine  and  pelagic  Lastly, 
amongst  the  Pulmonates  many  forms  (such  as  the  Snails  and 
Slugs)  are  strictly  terrestrial,  whilst  others  {Umnaa^  Planorbis^ 
AncyluSj  &c.)  are  found  in  fresh  or  brackish  waters. 

Distribution  of  the  Gastropoda  in  Time. — The  Gas- 
tropoda are  represented  in  past  time  from  the  Upper  CambriaiL- 
rocks  up  tflthe  present  day.  Of  the  Branchiata  the  Holosto- 
mata  are  tli<?  Charactenstic  Gastropods  of  the  Palaeozoic 
period,  the  Siphonostomata  not  being  certainly  represented  in 
rocks  earlier  than  the  Trias,  and  not  attaining  their  maximum  . 
till  the  present  day.  The  place  of  the  carnivorous  Siphonosto- 
mata  in  the  Palaeozoic  seas  appears  to  have  been  filled  by  the 
Tetrabranchiate  Cephalopods.  The  Branchiate  Gastropods 
of  fresh  water  are  chiefly  represented  as  fossils  by  the  genera 
Melaniay  Paludina,  Valvata^  and  Ampullaria, 

The  Heteropoda  are  of  very  ancient  origin,  having  com- 
menced their  existence  in  the  lowest  Ordovician  deposits. 
The  genera  Bellerophon^  CyrtoliteSy  and  Maclurea  are  ex- 
clusively Palaeozoic;  Btlkrophina  is  found  in  the  Gault 
(Secondary),  and  Carinaria  has  been  detected  in  the 
Tertiaries. 

The  Pulmonate  Gastropoda^  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which  the  genera  Limnaa^  Physa^ 
Ancylusy  &c.,  are  amongst  those  most  commonly  represented. 
These,  however,  are  entirely  Mesozoic  and  Kainozoic.  In  the 
Palaeozoic  period  the  sole  known  representatives  of  the  Pul- 
monata  are  certain  species  of  Pupa^  Dawsonella^  and  Zonites^ 
which  have  been  detected  in  the  Carboniferous  rocks. 


POLYPLACOPHORA. 

The  little  group  of  the  Chitons  may  be  here  considered 
briefly  as  a  special  division  of  Molluscs,  to  which  the  name  of 
Polyplacophora  may  be  given.  The  Chitons  have  generally 
been  regarded  as  an  aberrant  group  of  the  Gastropods,  but 
they  diffier  from  the  latter  in  the  fact  that  the  body  is  laterally 
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symmetrical,  no  distinct  head  is  present,  there  are  no  differenti- 
ated cerebral  ganglia,  and  the  shell  is  composed  of  eight  cal- 
careous plates  arranged  in  a  longitudinal  series  along  the  dorsal 
surface. 

The  Chitons  have  an  elongated,  worm-like,  bilaterally 
symmetrical  body,  with  the  mouth  at  the  anterior  end, 
surrounded  by  a  circlet  of  tentacles  (fig.  279,  /),  and  the  anus 
at  the  hinder  end  of  the  body.  The  upper  surface  of  the 
mantle  secretes  a  "multi valve"  shell  (fig.  279,  B),  composed 

of     eight     transverse 
J  imbricated     plates, 

which  succeed  one  an- 
other from  before  back- 
wards, and  are  embed- 
ded in  the  leathery  or 
fibrous  border  of  the 
mantle,  which  may  be 
plain,  or  may  be  beset 
with  bristles,  spines,  or 
scales.  The  foot  forms 
a  creeping  disc,  and 
the  gills  are  numerous, 
(fig-  279,  g\  and  are 
contained  in  an  imper- 
fect pallial  chamber 
or  groove  between  the 
margins  of  the  foot  and 
the  edge  of  the  mantle. 
There  is  no  distinct  head,  nor  are  tentacles  developed.  The 
nervous  system  consists  of  an  oesophageal  ring  which  gives  off 
branches  backwards,  but  the  cerebral,  pedal,  and  parieto- 
splanchnic  ganglia  are  not  developed ;  though  a  pair  of  small 
sub-pharyngeal  ganglia  ("  buccal  ganglia  ")  are  present.  The 
"  radula  "  is  present,  and  the  kidneys  and  generative  ducts  are 
paired. 

The  Chitons  are  all  inhabitants  of  the  sea,  and  have  an 
especial  zoological  interest  as  forming  a  connecting-link 
between  the  Molluscs  and  the  Worms.  They  present,  in 
particular,  points  of  relationship  with  the  genus  Chcetoderma, 
which  has  usually  been  included  among  the  Gephyrean 
Worms.  Geologically  speaking,  the  Chitonidce  are  a  very 
ancient  group,  representatives  of  the  family  appearing  as  early 
as  the  Devonian  period. 


A  B 

Fig.  279.— A,  Under  surface  of  a  species  of  Chiton 
(after  Cuvier):  /  Fringe  of  tentacles  round  the  mouth 
(fi) ;  r  Branchin ;  /  Under  surface  of  foot ;  a  Anus. 
B,  Snell  of  Chiton  sguamosuSf  reduced  one 'half. 
(After  S.  P.  Woodward.) 
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The  little  group  of  the  Tooth-shells  {Dentaiiidce)  may  also 
be  shortly  considered  here,  as  a 
special  division  of  Molluscs  {Scapho- 
podd)  in  some  respects  intermediate 
between  the  Lamellibranchs  and  the 
Gastropods,  with  points  of  relation- 
ship to  the  Pteropods.  The  animal 
in  Dentalium  (fig.  280)  is  bilater- 
ally symmetrical,  and  is  enclosed  in 
a  continuous  mantle,  which  secretes 
a  tubular  shell,  which  is  open  at 
both  ends.  From  the  large  anterior 
aperture  of  the  shell  is  protruded 
the  foot,  and  a  circle  of  tentacles 
surrounding  the  mouth,  but  there  is 
no  distinct  head.  The  oral  tentacles 
appear  to  discharge  a  respiratory 
function,  but  there  are  no  specialised 
branchiae,  nor  is  a  definite  heart  pres- 
ent. The  nervous  system  is  of  the 
Molluscan  type ;  the  kidneys  are 
paired;  the  sexes  are  distinct;  and 
the  pharynx  is  furnished  with 
radula. 

Dentalium  and  its  allies  {Siphona- 
dentalium  and  Entaiium)  are  exclu- 
sively marine,  and  are  found  burrow- 
ing in  the  sand  in  shallow  water. 
The  antiquity  of  the  Scaphopoda  as  a  zoological  group  is  very 
high,  the  earliest  known  species  of  Dentalium  appearing  in 
the  Devonian  rocks. 


Fig.  aSo. — Dentalium  tmlgane^ 
of  the  natural  size,  with  the 
^  oral  tenucles  protruded  from 
the  anterior  opening  of  the 
shell  (after  Lacaze-Duthiers). 
In  its  natural  position  the  an- 
terior extremity  of  the  animal 
is  buried  obliquely  in  the  sand, 
and  the  small  pointed  end  pro- 
jects upwards  into  the  water. 


\ 


CHAPTER    XLII. 
PTEROPODA. 


Class  III.  Pteropoda.  —  The  Pteropods  are  free  and 
pelagic  Molluscs,  without  a  definite  head,  and  having  the  lateral 
portions  of  the  foot  ("  epipodia  ")  developed  into  a  pair  of  wing- 
like  fins.     The  sexes  are  united  in  the  same  individual. 
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The  "  Winged  Snails  "  or  Pteropods  are  of  small  size,  and 
are  found  swimming  near  the  surface  of  the  open  ocean,  often 
in  vast  numbers.  They  are  related  on  the  one  hand  to  the 
Gastropoda^  and  on  the  other  hand  to  the  Cephalopoda.  There 
is  no  distinctly  diflferentiated  head,  and  the  mouth  is  placed 
anteriorly  in  the  centre  of  the  fore-part  of  the  foot.  The 
lateral  parts  of  the  foot  ("epipodia")  are  developed  into  a 
pair  of  wing-like  fins  (fig.  281,  tf),  by  means  of  which  the 


Fig.  a8z.  —  Pteropoda.  A,  S^iriaiis  rostralis,  B^  Pneumodirmon  vioUueum.  C, 
Hetertifusus  buiimirundes.  All  enlarged,  e  Epipodia  or  fins;  /  Tentacles.  D, 
Larva  of  CUodora  lastceoUUa^  greatly  enlarged  (after  Fol) :  v  Velnm ;  o  Mouth  ; 
<r  GuUet ;  g  Stomach  ;  t  Intestine ;  m  Columellar  muscle ;  i  Shell ;  u  Yolk-sac 


animal  swims  actively,  and  which  correspond  morphologically 
with  the  "funnel"  of  the  Cephalopods.  The  hind  part  of 
the  foot  (^'metapodium")  is  rudimentary,  but  in  some  cases 
develops  an  operculum  {Limacinida),  The  anterior  extrem- 
ity of  the  body  also  may  be  furnished  with  tentacular  processes, 
which  in  some  cases  are  provided  with  suckers  {e,g,^  in  Pneu- 
modermofiy  fig.  281,  B). 

The  mantle  is  sometimes  rudimentary  in  the  adult  {Gymno- 
somata),  in  which  case  the  body  is  naked,  and  is  not  protected 
by  a  shell.     In  other  forms  {Thecosomata)  the  mantle  is  well 
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developed  and  secretes  a  shell,  which  is  usually  symmetrical 
in  form,  calcareous  or  chitinous  in  composition,  and  very 
delicate  in  texture.  The  shell  most  commonly  consists  of  a 
dorsal  and  ventral  plate  united  (figs.  282,  283),  or  it  may  be 


Fig.  9%'\.—Hyalea  irideniaia^  show* 
Fie.  a8a.— Pteropoda.    aCUodora  fyramidatal       fog  the  shell  and  the  lateral  fins 
b  Cuviena  cclumneUa.    (After  Woodward.)  attached  to  the  sides  of  the  head 

rolled  into  a  spiral  (fig.  281,  A  and  C),  which  may  be  fiat  or 
oblique. 

The  pharynx  in  the  Pteropods  is  furnished  with  a  radula, 
and  the  termination  of  the  alimentary  canal  is  usually  placed 
anteriorly  and  on  the  right  side  of  the  body.  The  heart 
consists  of  an  auricle  and  ventricle,  and  the  circulation  is 
lacunar.  The  respiratory  organs  are  rudimentary,  not  con- 
sisting of  distinct  branchiae,  but  sometimes  represented  by 
ciliated  folds  of  the  mantle  placed  within  a  branchial  cavity. 
The  kidney  is  like  that  of  the  majority  of  the  Gastropods  in 
being  unpaired,  and  it  communicates  internally  with  the  peri- 
cardial sac,  and  externally  with  the  pallial  chamber,  or  with 
the  exterior  surface  of  the  body.  The  nervous  system  is  of 
the  same  general  type  as  that  of  the  Gastropods,  and  there  is 
a  pair  of  otocysts ;  but  the  eyes  are  rudimentary  or  absent 

The  Pteropods  are  all  hermaphrodite,  and  the  young  pass 
through  a  metamorphosis,  having  at  first  a  ciliated  ''  velum '' 
attached  to  the  sides  of  the  head  (fig.  281,  D). 

The  Pteropoda  are  divided  into  two  orders,  termed  Thecoso- 
tnata  and  Gymnosomata  ;  the  former  characterised  by  possess- 
ing an  external  shell  and  an  indistinct  head;  the  latter  by 
being  devoid  of  a  shell,  and  by  having  a  distinct  head,  with 
fins  attached  to  the  neck. 

The  Pteropoda^  as  already  Said,  are  found  swimming  near 
the  surface  in  the  open  ocean,  and  they  are  found  in  all  seas 
from  the  tropics  to  within  the  arctic  circle,  sometimes  in  such 
numbers  as  to  discolour  the  water  for  many  miles.  They  are 
nocturnal  in  their  habits,  and,  minute  as  they  are,  they  con- 
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stitute  in  high  latitudes  one  of  •the  staple  articles  of  diet  of 
the  whale.  They  themselves  are,  in  turn,  carnivorous,  feeding 
upon  small  Crustaceans  and  other  diminutive  animals.  Though 
all  the  living  forms  are  small,  geology  leads  us  to  believe  that 
there  formerly  existed  comparatively  gigantic  representatives  of 
this  class  of  the  Mollusca, 

DiSTRiBXjTioN  OF  Pteropoda  IN  TiME. — The  Pteropods 
are  not  largely  represented  in  fossiliferous  deposits,  but  they 
have  a  wide  range  in  time,  extending  from  the  Upper  Cambrian 
rocks  up  to  the  present  day.  The  Hyolithes  (Theca)  and  Con- 
ularia  of  the  Palaeozoic  period,  if  truly  Pteropods,  are  of  com- 
paratively gigantic  size.  Both  commence  their  existence  in 
the  Ordovician  or  Upper  Cambrian,  and  the  former  is  entirely 
Palaeozoic.  The  genus  Conularia^  however,  extends  into  the 
Mesozoic  period,  and  is  found  in  the  Liassic  rocks.  The 
Silurian  fossils  which  form  the  genus  TentaculiteSj  though  often 
referred  to  the  Tubicolar  Annelides,  appear  to  belong  without 
doubt  to  the  Pteropoda,  The  recent  genus  Styliola  is  stated 
to  occur  in  the  Silurian  rocks.  Hardly  any  forms  of  the 
Pteropoda  have  been  certainly  recognised  as  occurring  in  the 
Secondary  rocks,  but  various  recent  genera,  such  as  Hyalea 
(fig.  283),  Cieodora^  and  Cuvieria^  are  represented  in  the 
Tertiary  period. 


CHAPTER    XLIIL 

CEPHALOPODA. 

Class  IV.  Cephalopoda. — ^The  members  of  this  class  are 
bilaterally  symmetrical  Molluscs^  with  a  large  heady  and  having 
the  body  enclosed  in  a  muscular  mantle.  The  fore-part  of  the 
foot  is  split  up  into  eight  or  more  muscular  processes  or  "  arms  " 
which  surround  the  mouth  ;  while  the  epipodia  are  well  developed^ 
and  give  rise,  by  apposition  or  fusion^  to  a  muscular  tube  {^^ fun- 
nel'^) through  which  the  effete  water  of  respiration  is  expelled. 
One  or  two  pairs  of  gills  are  contained  within  the  pallial  saCy 
and  the  sexes  are  always  distinct. 

The  Cephalopoda,  comprising  the  Cuttle-fishes,  Pearly 
Nautilus,  &c.,  constitute  the  most  highly  organised  of  the 
classes  of  the  Mollusca.  They  are  all  marine  and  carnivorous, 
and  are  possessed  of  considerable  locomotive  powers.  At  the 
bottom  of  the  sea  they  can  walk  about,  head  downwards,  by 
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means  of  the  arms  which  surround  the  mouth,  and  which 
are  usually  provided  with  numerous  suckers  or  "  acetabula." 
They  are  also  enabled  to  swim,  partly  by  means  of  lateral 
expansions  of  the  integument  or  fins  (not  always  present),  and 
partly  by  means  of  the  forcible  expulsion  of  water  through  the 
tubular  "  funnel,"  the  reaction  of  which  causes  the  animal  to 
move  in  the  opposite  direction. 

The  majority  of  the  living  Cephalopods  are  naked,  possess- 
ing only  an  internal  skeleton,  and  this  often  a  rudimentary 
one;  but  the  female  Argonaut  (Paper  Nautilus),  and  the 
Pearly  Nautilus,  are  protected  with  an  external  shell,  though 
the  nature  of  this  is  extremely  different  in  the  two  forms. 

The  integument  in  all  the  Cephalopods  except  the  Pearly 
Nautilus  is  furnished  with  a  layer  of  peculiar  cells  known  as 
"chromatophores."  These  are  large-sized  cells,  filled  with 
brightly-coloured  pigment -granules,  and  having  attached  to 
their  walls  minute  radiating  bundles  of  muscular  fibres.  By 
the  contraction  of  these  the  chro- 
matophore  is  dilated,  while  on 
relaxation  of  these  the  cell  re- 
sumes its  original  form  in  virtue 
of  its  own  elasticity.  By  this 
peculiar  mechanism  the  Cuttle- 
fishes can  adapt  their  colours  to 
their  surrouncii^gs,  and  can  rapid- 
ly change  thei?.  tints. 

The  body  in  the  Cephalopoda  is 
bilaterally  symmetrical,  and  the 
cephalic  region  {prosoma)  is  con- 
spicuously marked  out,  and  is  sepa- 
rated from  the  visceral  region  {me- 
tasoma),  which  is  enclosed  in  the 
mantle.  The  mantle-cavity  is  sit- 
uated on  the  under  side  of  the 
body,  when  the  animal  is  placed 
in  its  natural  position.  The  head 
is  very  distinct,  bearing  a  pair  of 
large  globular  eyes,  and  having 
the  mouth  in  its  centre.  The 
mouth  is  surrounded  by  a  circle 
of  eight,  ten,  or  more,  long  mus- 
cular processes,  or  "arms"  (fig. 
284),  which  are  generally  provided  with  rows  of  stalked 
or  sessile  suckers.  Each  sucker,  or  "acetabulum,"  consists 
of  a  cup-shaped  cavity,  the  muscular  fibres  of  which  con- 

2  H 


284.  — Cephalopoda.    SeMola  A  t- 
tle-fi  * 


lanti'ca,  one  of  the  Cuttl 
(After  Woodward.) 


•fishes. 
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verge  to  the  centre,  where  there  is  a  little  muscular  emi- 
nence or  papilla.  When  the  sucker  is  applied  to  any  surface, 
the  contraction  of  the  radiating  muscular  fibres  depresses 
the  papilla  so  as  to  produce  a  vacuum  below  it,  and  in 
this  way  each  sucker  acts  most  efficiently  as  an  adhesive 
organ.  In  some  forms  (Decapoda)  the  base  of  the  papilla, 
or  piston,  is  surrounded  by  a  homy  dentated  ring,  and  in 
some  others  (as  in  Onychoteuthis)  the  papillae  are  produced 
into  long  claws.  In  the  Octopod  Cuttle-fishes  tiiere  are 
only  eight  arms,  and  these  are  all  nearly  alike.  In  the 
Decapod  Cuttle-fishes  there  are  ten  arms,  but  two  of  these 
— called  "tentacles" — ^are  much  longer  than  the  others,  and 
bear  suckers  only  at  their  extremities,  which  are  enlarged  and 
club-shaped.  In  the  Pearly  Nautilus  the  arms  are  niunerous 
and  are  devoid  of  suckers,  but  it  is  not  clear  that  these  are 
really  homologous  with  the  **arms"  of  the  Cuttle-fishes. 

In  all  the  Cuttle-fishes,  the  mouth  is  placed  in  the  centre  of 
the  "  foot,"  and  it  is  by  a  splitting  up  of  the  margins  of  the 
foot  into  long  muscular  processes  that  the  "arms"  are  pro- 
duced. The  arms  are  always  symmetrically  arranged  in  a 
dorsal,  a  ventral,  and  two  lateral  pairs ;  and  the  "  tentacles  '* 
(when  present)  are  placed  on  the  ventral  surface,  between  the 
3d  and  4th  pairs  of  arms.  The  tentacles  may  or  may  not  be 
retractile  into  pouches  placed  below  the  eyes,  and  their  length 
may  be  many  times  greater  than  that  of  the  body.  They  are 
organs  of  prehension ;  and  the  arms  are  in  addition  employed 
by  the  animal  in  locomotion,  enabling  it  to  creep  along  the 
sea-bottom  head  downward. 

In  all  the  Decapod,  and  in  some  of  the  Octopod  forms,  the 
sides  of  the  body  are  produced  into  muscular  expansions  or 
fins  (figs.  284  and  291),  with  which  the  animal  swims  head 
foremost.  In  all  the  Cephalopods,  also,  the  lateral  margins 
of  the  foot  ("epipodia")  are  either  placed  in  Opposition 
(Nautilus)  or  are  actually  united  (Cuttle-fishes),  in  such  a 
manner  as  to  form  a  muscular  tube,  known  as  the  "  funnel." 
The  funnel  (fig.  285,  /)  is  placed  on  the  lower  surface  of  the 
body,  with  its  anterior  extremity  projecting  beyond  the  mantle, 
while  it  opens  behind  into  the  pallial  chamber.  It  serves  for 
the  elimination  of  the  water  which  has  been  used  in  respira- 
tion, and  the  out-going  currents  also  carry  away  with  them  the 
excretions  of  the  kidneys  and  of  the  ink-sac,  together  with  the 
faeces.  By  the  contractions  of  the  mantle,  the  water  con- 
tained in  the  pallial  sac  can  also  be  driven  through  the  funnel 
in  a  succession  of  jets,  driving  the  animal  backwards  through 
the  water. 
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The  mouth  leads  into  a  muscular  buccal  cavity  or  pharynx 
(fig.  285,  ph)y  containing  two  powerful  mandibles,  working 
vertically,  resembling  the  beak  of  a  parrot  in  shape,  and  either 
horny  (as  in  the  Cuttle- 
fishes), or  partially  calca- 
reous in  composition  (as 
in  Nautilus),  The  buccal 
cavity  contains  a  toothed 
tongue  or  "radula,"  and 
conducts  by  a  gullet,  into 
which  salivary  glands  pour 
their  secretion,  to  a  capa- 
cious stomach  (fig.  285, 
s)y  to  which  a  capacious 
caecum  is  usually  append- 
ed. The  intestine  (fig. 
285,  in)  is  short,  and  the 
anal  opening  is  placed  at 
the  base  of  the  funnel. 
A  large  and  well -devel- 
oped liver  (/)  is  present. 
In  the  Cuttle-fishes  there 
is  also  a  special  glandular 
organ,  the  "  ink-bag  "  (fig. 
285,  /),  which  secretes  an 
inky  fluid,  which  the  ani- 
mal can  discharge  into  the 
water,  so  as  to  facilitate 
its  escape  when  menaced 
or  pursued.  The  duct  of 
the  ink-bag  opens,  along 
with  the  intestine,  at  the 
base  of  the  funnel;  but  this 
apparatus  is  entirely  want- 
ing in  the  Tetrabranchiate 
Cephalopods. 

The  kidneys  (fig.  286, 
r  r)  are  paired,  and  have 
the  form  of  spongy  sacs 
developed  upon  the  venae 
cavae,  and  communicating 
with  the  pericardial  sac. 
The    circulatory     organs 

consist  of  a  central  ventricle,  into  which  the  aerated  blood  from 
the  gills  is  poured  by  two  laterally-placed  auricles  (fig.  286, 


12.  285. — Diagram  of  the  structure  of  a  Cuttle- 
nsh.  fk  Pliarynx,  with  the  homy  mandibles : 
sa  Salivary  glands ;  a  CEsophagas ;  *  Stomach ; 
c  Gastric  caecum ;  in  Intestine ;  /  Liver ;  n 
(Esophageal  nerve-collar ;  ^  One  of  the  gills, 
with  the  branchial  heart  at  its  base ;  i  Ink-bag, 
its  duct  opening  along  with  the  intestine  and 
generative  duct  at  the  base  of  the  funnel ;  ov 
Ovary ;  d  Oviduct  (the  nidamental  and  acces- 
sory glands  are  omitted) ;  /  Funnel ;  /  Pen, 
Ijring  in  the  mantle  dorsally. 
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d  d)^  developed  upon  the  branchial  veins  where  they  leave  the 
branchiae.  In  Nautilus^  in  which  there  are  four  gills,  there 
are  four  auricles.  The  blood  finds  its  way  from  the  arteries 
to  the  veins  mostly  through  the  intervention  of  a  system  of 
capillaries,  but  also  by  means  of  sinuses  and  lacunae  among 
the  tissues.  The  two  great  trunks  ("branchial  arteries") 
which  carry  the  venous  blood  to  the  gills  are  further  pro- 
vided, in  the  Cuttle-fishes,  with  special  contractile  dilatations, 
situated  one  at  the  base  of  each  branchia,  and  known  as  the 
"branchial  hearts"  (fig.  286,  ee).  These  structures  are  want- 
ing in  Nautilus, 


Fig.  286^ — Central  organs  of  the  circulation,  gills,  and  renal  organs  of  Se^a  oMcinaUs. 
(After  John  Hunter),  a  Aorta :  v  Vena  cava ;  x/  7/  Visceral  veins ;  c  Ventricle ; 
d  d  Right  and  left  auricles  ;  e  e  Branchial  hearts ;  b  b  Branchil^ ;  r  r  Renal  organs. 


The  respiratory  organs  are  in  the  form  of  two  (Cuttle-fishes) 
or  four  {Nautilus)  plume-like  gills,  placed  symmetrically  on  the 
sides  of  the  body  within  the  pallial  sac  The  gills  (fig.  286,  b  b) 
consist  each  of  a  central  stem,  bearing  finely-divided  lateral 
vascular  laminae ;  and  as  they  are  not  ciliated,  the  necessary 
respiratory  currents  are  maintained  by  the  alternate  contrac- 
tions and  expansions  of  the  muscular  walls  of  the  mantle-sac. 
In  each  expansion  the  water  finds  its  way  into  the  pallial 
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chamber  by  the  opening  between  the  rim  of  the  mantle  and 
the  neck ;  and  in  each  contraction  it  is  expelled  through  the 
tube  of  the  funnel,  which  is  so  constructed  as  to  allow  of  the 
egress  but  to  prevent  the  ingress  of  the  water. 

The  centred  nervous  system  consists  of  the  three  normal 
pairs  of  ganglia — ^the  cerebral,  pedal,  and  visceral  or  parieto- 
splanchnic — but  these  are  aggregated  to  form  an  oesophageal 
collar  (iig.  285,  n).  The  organs  of  sense  are  a  pair  of  large  and 
very  highly-developed  eyes,  and  a  pair  of  auditory  sacs.  jTbf*^ 

jTeat  r^f^nphagi^^l   nPrvP-rnll^^  ig  prnf^rfpH  hy  j»  cartilaginous 

jlateT  which  foreshadows  the  cranium  nf  th#*  r^^/^fa^/^  .-this 

also  sends  out  prolongations  which  strengthen  and  defend  the 

eye,  and  the  auditory  chambers  are  excavated  in  its  substance. 

The  sexes  in  all  the  Cephalopoda  are  in  different  individuals, 


Fi8[.  387. — X.  Octopus  carena  (male),  showing  cyst  in  place  of  the  third  arm.    2.  Ventral 
side  of  an  individual,  more  developed,  with  the  hectocotylus  (a).   (After  Woodward.) 

the  males  and  females  generally  being  more  or  less  unlike 
externally.  In  this  order  the  ducts  of  the  generative  organs 
open  into  the  pallial  chamber,  at  the  base  of  the  funnel ;  and 
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each  individual,  besides  the  essential  organs  of  reproduction 
(testis  or  ovary),  generally  possesses  accessory  glands ;  those 
of  the  female  ("nidamental  glands")  secreting  a  viscid  mate- 
rial which  unites  the  eggs  together,  whilst  those  of  the  male 
coat  the  spermatozoa,  and  aggregate  them  into  peculiar  worm- 
like filaments,  from  six  to  eight  lines  in  length,  termed  "  sper- 
matophores,"  or  the  "moving  filaments  of  Needham."  The 
spermatophore  is  filled  with  spermatozoa,  and  possesses  the 
power  of  expanding  when  moistened,  rupturing,  and  expelling 
the  contained  spermatozoa  with  considerable  force.  During 
the  congress  of  the  sexes  the  male  transfers  the  spermatophores 
to  the  pallial  chamber  of  the  female,  true  intromission  not 
being  possible,  but  the  mode  in  which  this  transference  is 
effected  differs  in  different  cases,  and  is  not  universally  known. 

In  the  males  of  many  of  the  Cuttle-fishes,  one  of  the  arms  is 
peculiarly  modified,  and  is  said  to  be  "  hectocotylised,"  but  the 
extent  to  which  this  modification  is  carried  differs  in  different 
cases,  and  it  is  not  always  the  same  arm  in  different  species 
which  is  thus  affected.  In  some  cases  the  "  hectocotylised  " 
arm  is  little  altered  from  its  ordinary  form,  and  though  the 
alteration  be  primarily  sexual,  the  arm  is  not  certainly  known 
to  play  any  part  in  the  reproductive  process.  In  other  cases, 
again,  such  as  Octopus  carena  (fig.  287),  Tremoctopus  violaceus 
(fig.  288,  b\  and  Argonauta  argo  (fig.  288,  a\  the  "hectocoty- 
lised "  arm  is  the  efficient  agent  in  the  impregnation  of  the 
female.  It  is,  in  these  forms,  longer  and  thicker  than  the 
other  arms,  and  possesses  posteriorly  a  sac  which  is  filled  with 
spermatophores.  During  the  reproductive  act  the  "  hectoco- 
tylised "  arm  is  actually  detached  by  the  male,  and  deposited, 
with  its  freight  of  spermatophores,  within  the  pallial  chamber 
of  the  female.  .When  thus  detached  (fig.  288,  ^),  it  is  capable 
of  independent  movement,  and  when  first  found  in  this  free 
condition  within  the  mantie-cavity  of  the  female  Argonaut,  it 
was  regarded  as  a  parasitic  worm.  Cuvier  gave  the  name  of 
"  Hectocotylus  Octopodis"  to  it,  under  this  belief  as  to  its 
nature.  Hence  the  name  of  "hectocotylus"  (in  allusion  to 
the  suckers  which  it  carries)  is  still  applied  to  the  detached 
arm ;  whereas  the  arm,  if  not  detached,  is  simply  said  to  be 
"  hectocotylised." 

In  those  cases  in  which  the  hectocotylised  arm  is  not  de- 
tached, it  is  asserted  by  Steenstrup  that  it  is  employed  by  the 
male  in  the  direct  transference  of  the  spermatophores  to  the 
pallial  chamber  of  the  female ;  though  it  is  still  uncertain  how 
the  spermatophores  find  their  way  from  the  seminal  ducts  to 
the  sac  in  the  interior  of  the  arm. 
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The  eggs  of  the  Cuttle-fishes  are  enclosed,  singly  or  many 
together,  in  special  capsules,  which  are  generally  attached  in 
bunches  to  some  foreign  body.     The  ovum  undergoes  partial 


Fig.  388. — a  Male  of  Argonauta  argo^  with  the  hectocotylised  arm  still  contained  in  its 
enveloping  cyst,  four  times  enlarged  (after  H.  MQller);  b  Hectocotylus  of  Tremoc- 
topus  vioUiceus,    (After  KOlliker.) 

segmentation,  as  in  Birds  and  Reptiles,  and  the  unsegmented 
portion  of  the  yolk  is  gradually  absorbed  by  the  growing 
embryo. 

The  shell  of  the  Cephalopoda  is  sometimes  external,  some- 
times internal.  The  internal  skeleton  (fig.  289)  is  known  as 
"the  cuttle-bone,"  " sepiostaire,"  or  **pen"  {gladim\  and  may 
be  either  corneous  or  calcareous.  In  some  cases  it  is  rendered 
complex  by  the  addition  of  a  chambered  portion  or  "  phrag- 
macone,"  which  is  to  be  regarded  as  a  visceral  skeleton  or 
"  splanchnoskeleton."  In  Spirula  (fig.  289,  c)  the  phragma- 
cone  is  the  sole  internal  skeleton,  and  is  coiled  into  a  spiral, 
the  coils  of  which  lie  in  one  plane,  and  are  near  one  another, 
but  not  in  contact.  It  thus  resembles  the  shell  of  the  Pearly 
Nautilus,  but  it  is  internal,  and  differs,  therefore,  in  this  respect 
from  the  external  shell  of  the  latter,  though  resembling  it  in 
the  fact  that  the  last  chamber  lodges  part  of  the  viscera.  The 
only  living  Cephalopods  which  are  provided  with  an  external 
shell  are  the  Paper  Nautilus  {Argonauta)  and  the  Pearly 
Nautilus  {Nautilus  pompilius) ;  but  not  only  is  the  structure 
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of  the  animal  different  in  each  of  these,  but  the  nature  of  the 
shell  itself  is  entirely  different  The  shell  of  the  Argonaut 
(fig.  290)  is  involuted;  but  is  not  divided  into  chambers,  and 
it  is  secreted  by  the  webbed  extremities  of  two  of  the  dorsal 


Fig.  280.  —a  Interaal  Skeleton  of  Sr^  ornaia  ;  b  Pen  of  HUiiottHtkis  BonelUana ; 
c  Snell  ("  phragmacone  ")  of  S^tmla/ragiUs ;  d  Animal  oiS^rula  Peronii. 

arms  of  the  female.  The  arms  are  bent  backwards,  so  as  to 
allow  the  animal  to  live  in  the  shell,  but  there  is  in  reality  no 
organic  connection  between  the  shell  and  the  body  of  the 
animal.  In  fact,  the  shell  of  the  Argonaut,  being  confined  to 
the  female,  and  serving  by  its  empty  apex  as  a  receptacle  for 
the  ova,  may  be  looked  upon  as  a  "  nidamental  shell,"  or,  as 
it  is  secreted  by  a  modified  portion  of  the  foot,  it  may  more 
properly  be  regarded  as  a  "pedal  shell."  The  shell  of  the 
Pearly  Nautilus  (fig.  295),  on  the  other  hand,  is  a  true  pallial 
shell,  and  is  secreted  by  the  body  of  the  animal,  to  which  it 
is  organically  connected.  It  is  involuted,  but  it  differs  from 
the  shell  of  the  Argonaut  in  being  divided  into  a  series  of 
chambers  by  shelly  partitions  or  septa,  which  are  pierced  by  a 
tube  or  "  siphuncle,"  the  animal  itself  living  in  the  last  cham- 
ber only  of  the  shell. 
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CHAPTER    XLIV. 

DIVISIONS    OF   THE   CEPHALOPODA. 

The  Cephalopoda  are  divided  into  two  extremely  distinct 
and  well-marked  orders,  termed  the  Dibranchiata  and  Teira- 
branchiaia.  The  former  comprises  all  the  true  Cuttle-fishes ; 
whilst  the  latter,  though  abundantly  represented  in  past  time, 
has  no  other  living  representative  than  the  Pearly  Nautilus 
alone. 

Order  I.  Dibranchiata. — The  members  of  this  order  of 
the  Cephalopoda  are  characterised  as  being  swimming  animals^ 
almost  invariably  naked,  with  never  more  than  eight  or  ten  arms, 
which  are  always  provided  with  stickers.  There  are  two  branchice, 
which  are  furnished  with  branchial  hearts;  an  ink-sac  is  always 
present ;  the  funnel  is  a  complete  tube,  and  the  shell  is  internal, 
or,  if  external,  is  not  chambered. 

The  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
ming freely  by  means  of  the  jet  of  water  expelled  from  the  fun- 
nel. The  arms  constitute  powerful  offensive  weapons,  being 
excessively  tenacious  in  their  hold,  and  being  sometimes  pro- 
vided with  a  sharp  claw  in  the  centre  of  each  sucker.  They 
are  mostly  nocturnal  or  crepuscular  animals,  and  they  some- 
times attain  to  a  great  size.  They  may  be  divided  into  two 
sections,  Octopoda  and  Decapoda,  according  as  they  have  simply 
eight  arms,  or  eight  arms  and  two  additional  ** tentacles." 

Section  A.  Octopoda. — The  Cephalopods  comprised  in 
this  section  are  distinguished  by  the  possession  of  not  more 
than  eight  arms,  which  are  provided  with  sessile  suckers.  The 
shell  is  absent  or  rudimentary;  in  one  instance  only  (the 
female  Argonaut)  external.  The  body  is  short  and  bursiform, 
and  ordinarily  without  fins. 

This  section  comprises  the  two  families  of  the  Argonautidce 
and  the  Octopodidce,  In  the  former  of  these  there  is  only  the 
single  genus  Argonauta  (the  Paper  Sailor,  or  the  Paper  Nau- 
tilus), in  which  the  female  and  male  differ  greatly  from  one 
another.  The  female  Argonaut  (fig.  290)  is  protected  by  a 
thin  single-chambered  shell,  in  form  symmetrical  and  involuted, 
which  is  secreted  by  the  webbed  extremities  of  the  dorsal  arms, 
but  is  not  attached  in  any  way  to  the  body  of  the  animal.  It 
sits  in  its  shell  with  the  funnel  turned  towards  the  keel,  and 
the  webbed  arms  applied  to  the  shell.  The  male  Argonaut  is 
much  smaller  than  the  female  (less  than  an  inch  in  length). 
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and  is  not  protected  by  any  shell.  The  third  left  arm  of  the 
male  (fig.  288)  is  developed  in  a  cyst,  and  ultimately  becomes 
a  "  hectocotylus,"  and  is  deposited  by  the  male  in  the  pallial 
chamber  of  the  female. 

In  the  OctopodidcR  (or  Poulpes)  there  are  eight  arms, 
all  similar  to   one  another,    and  united  at  the  base   by   a 

web.  There  is  an  in- 
ternal rudimentary  shell, 
represented  by  two  short 
styles  encysted  in  the 
substance  of  the  mantle 
(Owen).  The  body  is 
seldom  provided  with 
lateral  fins.  The  third 
right  arm  of  the  male  is 
primarily  developed  in  a 
cyst,  and  ultimately  be- 
comes **  hectocotylised." 
Section  B.  Decapo- 
DA.  —  The  Cephalopods 
of  this  section  have  eight 
arms  and  two  additional 
"  tentacles,"  which  are 
much  longer  than  the 
true  arms,  are  retractile, 
and  have  expanded  club- 
shaped  extremities  (fig. 
291).  The  suckers  are 
pedunculated;  the  body 
is  always  provided  with 
lateral  fins,  and  the  shell 
is  always  internal. 
This  section  comprises  the  three  living  families  of  the 
Teuthidce,  Sepiadce^  and  the  Spirulida^  and  the  extinct  family 
of  the  BelemnitidcB. 

The  family  of  the  Teuthida  comprises  the  Calamaries  or 
Squids  (fig.  291),  characterised  by  the  possession  of  an  elon- 
gated body  with  lateral  fins.  The  shell  (fig.  289,  b)  is  internal 
and  homy,  consisting  of  a  median  shaft  and  of  two  lateral 
wings;  it  is  termed  the  "gladius"  or  **pen,"  and  in  old  speci- 
mens several  may  be  found  lodged  in  the  mantle,  one  behind 
the  other.  In  the  common  Calamary  (Loligo)  the  fourth  left 
arm  of  the  male  is  metamorphosed  towards  its  extremity  to 
subserve  reproduction. 

In  the  family  of  the  Sepiada  the  internal  shell  (fig.  289,  a)  is 


Fig.  aoo. — Ar^nauta  afye^,  the  "Paper  Nauti- 
lus, female.  The  animal  is  represented  in  its 
shell,  but  the  webbed  dorsal  arms  are  separated 
from  the  shell,  which  they  ordinarily  embrace. 
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calcareous  ("cuttle-bone"  or  " sepiostaire "),  and  is  in  the 
form  of  a  broad  plate,  having  an  imperfectly-chambered  apex. 
The  broad  laminated  plate  is  extremely  light  and  spongy,  and 
the  chambered  apex  is  called  the  "mucro."      In  the  living 


Fig.  291.— A,  The  Common  Calamary  {LoUgo  vulgaris)^  reduced  in  size :  a  One  of  the 
ordinary  arms ;  /  One  of  the  longer  arms  or  "tentacles."  B,  Skeleton  or  "pen  "  of 
the  same,  one-fourth  natural  size  (after  Woodward).  C,  Side  view  of  one  of  the 
suckers,  showing  the  homy  hooks  surrounding  the  margin.  D,  View  of  the  head 
from  in  front,  showing  the  bases  of  the  arms  (a)  and  tentacles  {t\  the  mouth  (m), 
and  the  funnel  (/). 

members  of  the  family  the  body  (fig.  292)  is  provided  with 
long  lateral  fins,  sometimes  as  long  and  as  wide  as  the  body 
itself. 
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In  the  singular  family  of  the  Spirulida  the  internal  skeleton 
(fig.  293)  is  in  the  form  of  a  nacreous,  discoidal  shell,  the 
whorls  of  which  are  not  in  contact  with  one  another,  and  which 


Fig.  292. — Sepia  eUgans^  viewed  dor- 
sally,  and  showing  the  long  lateral 
fins. 


Fig.  393.— Anatomy  01  Spir- 
ula  australis  (after  OwenX 
showing  the  position  dL  the 
skeleton. 


is  divided  into  a  series  of  chambers  by  me!^ns  of  partitions  or 
septa  which  are  pierced  by  a  ventral  tube  or  "siphuncle." 
The  body  is  provided  with  minute  lateral  fins,  and  the  arms 
have  six  rows  of  small  suckers.  The  shell  of  the  Spirula — 
commonly  known  as  the  "  post-horn  " — is  similar  in  structure 
to  the  shell  of  the  Nautilus^  but  it  is  lodged  in  the  posterior 
part  of  the  body  of  the  animal  (fig.  293),  and  is  therefore  inter- 
Italy  whereas  the  shell  of  the  latter  is  external.  It  really  corre- 
sponds to  the  "  phragmacone  "  of  the  Belemnite.  Though  the 
shell  occurs  in  enormous  numbers  in  certain  localities,  a  single 
perfect  specimen  of  the  animal  is  all  that  has  been  hitherto 
obtained.  In  its  internal  anatomy,  Spirula  is  a  true  Dibran- 
chiate.  It  has  the  peculiar  feature  that  the  hinder  end  of  the 
body  forms  a  kind  of  suctorial  disc,  apparently  employed  to 
moor  the  animal  to  foreign  bodies.  The  beaks  are  not  calcified. 
The  retractor  muscles  of  the  funnel  (m)  spring  from  the  inner 
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surface  of  the  last  chamber  of  the  shell  (as  in  Nautilus)  \  and  this 
chamber  also  lodges  the  hinder  termination  of  the  liver  (Owen). 

In  the  extinct  family  of  the  Belem- 
nitida,  our  knowledge  is  chiefly  con- 
fined to  the  hard  parts.  Certain 
specimens,  however,  have  been  dis- 
covered, which  show  that  the  Belem- 
nite  had  essentially  the  structure  of 
a  Cuttle-fish,  such  as  the  recent 
Calamary.  The  body  was  provided 
with  lateral  fins;  the  arms  were  eight, 
furnished  with  homy  hooks,  with  two 
"tentacles";  and  probably  the  mouth 
was  provided  with  horny  mandibles. 
An  ink-bag  was  present.  The  inter- 
nal skeleton  of  a  Belemnite  (fig.  294) 
consists  of  a  chambered  cone — the 
"  phragmacone  " — the  septa  of  which 
are  pierced  by  a  marginal  tube  or 
"siphuncle."  In  the  last  chamber 
of  the  phragmacone  is  contained  the 
ink-bag,  often  in  a  well-preserved  con- 
dition. Anteriorly  the  phragmacone 
is  continued  into  a  homy  lamina  or 
"  pen  "  (the  "  pro-ostracum  "  of  Hux- 
ley), and  posteriorly  it  is  lodged  in 
a  conical  sheath  or  "  alveolus,"  which 
is  excavated  in  the  substance  of  a 
nearly  cylindrical,  fibrous  body,  the 
"guard"  (fig.  294,  g)  which  projects 
backwards  for  a  longer  or  shorter 
distance,  and  is  the  part  most  usu- 
ally found  in  a  fossil  condition. 

Order  II.  Tetrabranchiata. — 
The  members  of  this  order  of  the 
Cephalopoda  are  characterised  by  be- 
ing creeping  animals^  protected  by  an 
external^  many  -  chambered  shelly  the 
septa  between  the  chambers  of  which 
are  perforated  by  a  membranous  or 
calcareous  tube  termed  the  ^^  siphuncleJ* 
The  arms  are  numerous  and  are  de- 
void of  suckers ;  the  branchice  are  four  in  number^  two  on  each 
side  of  the  body  ;  the  funnel  does  not  form  a  complete  tube  ;  and 
there  is  no  ink-bag. 


Fie.  994. — Diagram  of  Belemnite 
(after  Professor  Phillips).  r 
Homy  pen  or  *' pro-ostracum"; 
^  Chambered  "phragmacone" 
in  its  cavity  or  "alveolus  "  («) ; 
J- "Guard/* 
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Though  abundantly  represented  by  many  and  varied  extinct 
forms,  the  only  living  member  of  the  Tetrabranchiata  is  the 
Pearly  Nautilus,  which  has  been  long  known  by  its  beautiful 
chambered  shell,  but  the  soft  parts  of  which  were  first  de- 
scribed (in  1832)  from  a  perfect  specimen  which  was  exam- 
ined by  Professor  Owen. 

The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
into  a  posterior,  soft,  membranous  mass  {metasoma),  contain- 
ing the  viscera,  and  an  anterior  muscular  division,  comprising 
the  head  {prosoma) ;  the  whole  being  contained  in  the  capa- 
cious outermost  chamber  (the  body-chamber)  of  the  shell,  from 
which  the  head  can  be  protruded  at  will.  The  shell  itself  (fig. 
295)  is  involuted  and  many-chambered,  the  animal  being  con- 


Fig.  295.- 


-Pearly  Nautilus  {Nautilus  pompilius).    a  Mantle ;  h  Its  dorsal  fold  ; 
c  Hood ;  o  Eye ;  /  Tentacles ;  y  Funnel. 


tained  successively  in  each  chamber,  and  retiring  from  it  as  its 
size  becomes  sufficiently  great  to  necessitate  the  acquisition  of 
more  room.  Each  chamber,  as  the  animal  retires  from  it,  is 
walled  off  by  a  curved,  nacreous  septum ;  the  communication 
between  the  chambers  being  still  kept  up  by  a  membranous 
tube  or  siphuncle,  which  opens  at  one  extremity  into  the  peri- 
cardium, and  is  continued  through  the  entire  length  of  the 
shell.  The  position  of  the  siphuncle  is  in  the  centre  of  each 
septum,  but  the  siphuncle  simply  passes  through  the  chambers, 
without  opening  into  them. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  but  it  is 
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much  thicker  in  front,  and  forms  a  thick  fold  or  collar  sur- 
rounding the  head  and  its  appendages.  From  the  sides  of  the 
head  spring  a  great  number  of  muscular  prehensile  processes 
or  "arms"  ("tentacles"),  which  are  annulated,  but  are  not 
provided  with  cups  or  suckers.  It  is  questionable  if  these 
structures  really  correspond  morphologically  with  the  "  arms  " 
of  Cuttle-fishes,  and  they  are  therefore  best  spoken  of  as 
"tentacles."  The  two  dorsal  tentacles  are  fused  with  one 
another,  and  form  a  sort  of  hood,  which  can  be  employed  to 
close  the  mouth  of  the  shell.  Four  of  the  tentacles  of  the 
male  are  specially  modified  to  form  a  peculiar  organ  termed 
the  "  spadix,"  which  is  connected  with  reproduction,  and  cor- 
responds with  the  "hectocotylised"  arm  of  the  male  Cuttle- 
fishes. In  the  centre  of  the  head  is  the  mouth,  surrounded 
by  a  circular  fleshy  lip,  external  to  which  is  a  series  of  labial 
processes.  The  mouth  opens  into  a  buccal  cavity,  armed  with 
two  homy  mandibles,  partially  calcified  towards  their  extremi- 
ties, and  shaped  like  the  beak  of  a  parrot,  except  that  the 
under  mandible  is  the  longest.  There  is  also  a  "tongue," 
which  is  fleshy  and  sentient  in  front,  but  is  armed  with  recurved 
teeth  behind.  The  gullet  opens  into  a  large  crop,  which  in 
turn  conducts  to  a  gizzard,  and  the  intestine  terminates  at 
the  base  of  the  funnel.  On  each  side  of  the  crop  is  a  well- 
developed  liver. 

The  heart  is  contained  in  a  large  pericardial  chamber,  and 
in  correspondence  with  the  number  of  gills  there  are  four 
auricles ;  but  there  are  no  "  branchial  hearts."  The  respiratory 
organs  are  in  the  form  of  four  pyramidal  branchiae,  two  on 
each  side  of  the  mantle-cavity. 

The  chief  masses  of  the  nervous  system  are  the  cerebral 
and  infra-oesophageal  ganglia,  which  are  partially  protected  by 
a  cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 
muscles.  The  organs  of  sense  are  two  large  eyes,  attached 
by  short  stalks  to  the  sides  of  the  head,  two  spheroidal  ear- 
capsules,  and  two  hollow  plicated  subocular  processes,  believed 
to  be  possibly  olfactory  in  their  function. 

The  reproductive  organs  of  the  female  consist  of  an  ovary, 
with  accessory  nidamental  glands ;  the  oviducts  being  paired, 
right  and  left,  but  the  left  duct  being  rudimentary  (Lankester 
and  Bourne). 

There  is  no  ink-bag,  and  the  funnel  does  not  form  a  com- 
plete tube,  but  consists  of  two  muscular  lobes,  which  are 
simply  in  apposition.  It  is  the  organ  by  which  swimming  is 
eflected,  the  animal  being  propelled  through  the  water  by 
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means  of  the  reaction  produced  by  the  successive  jets  emitted 
from  the  funnel.  The  function  of  the  chambers  of  the  shell 
appears  to  be  that  of  reducing  the  specific  gravity  of  the 
animal  to  near  that  of  the  surrounding  water,  since  they  are 
most  probably  filled  with  some  gas  secreted  by  the  animal. 
Good  authorities,  however,  believe  that  the  chambers  of  the 
shell  are  filled  with  water.  The  function  of  the  siphuncle  is 
unknown,  except  in  so  far  as  it  doubtless  serves  to  maintain 
the  vitality  of  the  shell. 

Shell  of  the  Tetrabranchiata. — The  shells  of  all  the 
Tetrabranchiata  agree  in  the  folldwing  points  :— 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or  "septa,"  the  edges  of  which,  where  they  appear  on  the 
surface  of  the  shell,  are  termed  the  "  sutures." 

3.  The  outermost  chamber  of  the  shell  is  tfie  largest,  and  is 
the  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell  are  traversed  by  a 
tube,  termed  the  "  siphuncle." 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
very  distinct  types  of  shell  may  be  distinguished  as  character- 
istic of  the  two  families  NautilidcR  and  Ammonitida^  into  which 
the  order  Tetrabranchiata  is  divided. 

In  the  family  NautilidcR  (fig.  296,  d  and  e),  the  "septa"  of 


Fig.  396.— Diagram  to  illustrate  the  position  oi  the  siphuncle  and  the  form  of  the  septa 
in  various  Tetrabranchiate  Cepnalopoda.  The  upper  row  of  figures  represents 
transverse  sections  of  the  shells,  the  lower  row  represents  the  edges  of  the  septa. 
a  a  AmmoniU  or  Bacuiite;  b  b  Ceraiite;  c  c  GomtatiU;  d  d  Clymtnia;  *  e  Ivau- 
tilus  or  Orthoceras. 

^the  shell  are  simple,  curved,  or  slightly  lobed ;  the  "  sutures " 
are  more  or  less  completely  plain;  and  the  "siphuncle"  is 
central,  sub-central,  or  internal  (/>.,  on  the  concave  side  of  the 
curved  shells). 
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In  the  family  AmmonitidcR  (fig.  296,  a,  b^  and  r),  on  the 
other  hand,  the  septa  are  folded  and  complex ;  the  sutures  are 
angulated,  zigzag,  lobed,  or  foliaceous;  and  the  siphuncle  is 
external  {i.e.,  on  the  convex  side  of  the  curved  shells). 

In  both  these  great  types  of  shell,  a  series  of  representative 
forms  exists,  resembling  each  other  in  the  manner  in  which  the 
shell  is  folded  or  coiled,  but  differing  in  their  fundamental 
structure.  All  these  different  forms  may  be  looked  upon  as 
produced  by  the  modification  of  a  greatly  elongated  cone,  the 
structure  of  which  may  be  in  conformity  with  the  type  either 
of  the  Nautilidce  or  of  the  Ammonitidce,  The  following  table 
(after  Woodward)  exhibits  the  representative  forms  in  the  two 
families : — 

NauHlida,  Ammonitida, 

Shell  straight, Orthoceras,  Baculites. 

„  bent  on  itself,     .    .    .  Ascoceras,  .  .  Ptychoceras. 

„  curved, Cyrtoceras,  .  Toxoceras. 

„  spiral, Trochoceras,  .  Turrilites. 

„  discoidal, Gyroceras,  .  .  Crioceras. 

„  discoidal  and  produced,  Lituites, .    .  .  Ancyloceras. 

„  involute, Nautilus,     .  .  Ammonites. 

After  Nautilus  itself,  the  most  important  form  of  the  Nau- 
tilidce  is  the  Orthoceras  (figs.  297,  298).  In  structure  this 
was  doubtless  essentially  identical  with  the  Nautilus,  but  the 
shell,  instead  of  being  coiled  into  a  spiral  lying  in  one  plane, 
was  extended  in  a  straight,  or  nearly  straight,  line.  Ortho- 
ceratites  of  more  tlian  six  feet  in  length  have  been  discovered, 
but  in  all,  the  body-chamber,  in  which  the  animal  was  lodged, 
appears  to  have  been  comparatively  small.  The  siphuncle  is 
sometimes  complex  in  structure,  and  was  calcareous  through- 
out its  entire  length. 

The  structure  of  the  shell  in  the  Ammonitida  is  exactly  that 
of  the  Pearly  Nautilus,  consisting  of  an  outer  porcellanous 
and  an  inner  nacreous  layer.  The  body-chamber  was  rather 
elongated  than  laterally  expanded  or  dilated.  The  simplest 
form  of  the  Ammonitida  is  the  Baculite^  in  which  the  shell  is 
straight,  like  that  of  an  Orthoceras^  while  the  septa  have  the 
characters  of  those  of  an  Ammonite^  and  the  siphuncle  is  ex> 
temal.  In  the  Turrilite  (fig.  300)  the  structure  of  the  shell  is. 
the  same,  but  it  is  coiled  into  a  turreted  spiral.  In  Ammonites 
itself  (fig.  299),  the  shell  is  discoidal  and  involuted,  cor- 
responding (mform)  to  the  shell  of  the  Nautilus ;  the  body- 
chamber  was  of  comparatively  large  size,  and  had  its  aperture 
dosed,  in  some  species  at  any  rate,  by  an  operculum.    The 
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shell  sometimes  attained  a  gigantic  size,  and  several  hundred 
species  of  the  genus  have  been  described.  In  Crioceras  (fig. 
300)  the  shell  was  a.  flat  spiral,  like  that  of  the  Ammonites, 


Fig.  397.— Fragment  of  Orthoceras  {Or- 
moceras)  crebriseptum  —  Cincinnati 
Group,  North  America,  of  the  natural 
size.  ^  The  lower  figure  is  a  section 
showing  the  air-chambers,  and  the 
form  and  position  of  the  siphuncle. 
(After  Billings.) 


Fig.  708..— Restoration  of  Orthoceras. 
the  shell  being  supposed  to  be  divided 
vertically,  and  only  its  upper  part  being 
shown,  a  Arms;  /  Muscular  tube 
("  funnel ")  by  which  water  is  expelled 
from  the  mantle-chamber  ;  c  Air-cham- 
bers ;  s  Siphuncle. 


but  the  whorls  are  not  in  contact.  In  Toxaceras  the  shell  is 
shaped  like  a  bow.  In  Ancyloceras  (fig.  300)  the  shell  is  at 
first  discoidal,  with  separate  whorls,  then  produced  into  a 
straight  line,  and  finally  bent  forwards  into  a  hoolc. 

Distribution  of  the  Cephalopoda  in  Space. — All  the 
Cephalopoda^  without  exception,  are  marine.  Some  of  the 
Cuttlefishes  (such  as  the  Octopi  and  Sepia)  live  in  the  vicinity 
of  land,  especially  frequenting  rocky  bottoms ;  while  others 
{such  as  Argonauta^  Spirulay  Sepiola,  Onychoteuthis^  &c.)  live 
in  the  open  sea,  often  far  from  land,  swimming  at  or  near  the 
surface.  Some  of  the  Cuttle-fishes  attain  a  gigantic  size ;  but 
all  these  colossal  forms  of  the  class  appear  to  belong  to  the 
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Decapoda,  The  Architeuthis  of  the  North  Atlantic  is  certainly 
known  to  attain  a  length  of  15  feet  or  upwards  to  the  body  and 
head,  and  from  30  to  40  feet  or  more  in  the  long  tentacles. 


Fig.  ^iy^—A$nmonites  bifrons^  from  the  Lias 

The  Pearly  Nautilus  is  confined  to  the  Pacific  and  Indian 
Oceans,  and  appears  to  live  in  tolerably  deep  water  (200  to 
300  fathoms). 

Distribution  of  Cephalopoda  in  Time. — The  Cephalo- 
pods  are  largely  represented  in  all  the  primary  groups  of  strati- 
fied rocks  from  tl^e  Upper  Timbriftn  wp  tn  the  present  day. 
Of  the  two  orders  of  Cephalopoda^  that  of  the. Tetrabranchiata 
is  the  oldest,  attaining  its  maximum  in  the  Palaeozoic  perioJ, 
decr5asmg'1n  the  Mesozoic  and  Kainozoic  epochs,  and  being 
represented  at  the  present  day  by  the  single  form  Nautilus 
pompilius^  together  with  some  varieties  or  nearly  allied 
species.  Of  the  sections  of  this  order,  the  Nautilida  proper 
and  the  OrthoceratidcB  are  pre-eminently  Palaeozoic,  and  the 
^mmQMJMe^  are  not  only  pre-eminently,  but  are  almost  ex- 
clusively, Secoijdi^ry.  Of  the  abundance  of  the  two  former 
families  in  tHe'Silurian  seas  some  idea  may  be  obtained  when 
it  is  mentioned  that  over  a  thousand  species  have  been  de- 
scribed by  M.  Barrande  from  the  Silurian  basin  of  Bohemia 
alone.  The  Nautilidce  proper  have  gradually  decreased  in 
numbers  from  the  Palaeozoic  through  the  Secondary  and  Ter- 
tiary periods  to  the  present  day.  The  Orthoceratidm  died  out 
much  sooner,  being  exclusively  Palaeozoic,  with  the  exception 
of  the  genera  Orthoceras  itself  and  Cyrtoceras^  which  survived 
into  the  commencement  of  the  Secondary  period,  finally  dying 
out  in  the  Trias. 

The  second  family  of  the  Tetrabranchiata — viz.,  that  of  the 
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AmmonitidcR  —  is  almost  exclusively  Secondary,  being  very 
largely  represented  by  numerous  species  of  the  genera  Amman- 
itesy  Ceratites,  Baculites,  Turrilites^  &c.  The  principal  Palseo- 
zoic  genera  ^xt^Goniatites  and  Bactrites,  of  which  the  former 
is  found  from  the  Silurian  to  the  Trias,  whilst  the  latter  is 
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Fig.  3oow— Shells  of  Secondary  Cephalopods.  x.  Ancylocertu  Matheronianus ;  2, 
Scaphites  ttquaUs;  3.  Crioceras  DuvtUii;  4.  Hamites  atienuatits;  5.  Turriliies 
catenattu, 

a  Devonian  form ;  but  true  Ammonites  have  been  found  in 
strata  of  Carboniferous  age  in  India  (Dr  Waagen).  The  genus 
Ceratites  is  characteristically  Triassic,  but  allied  forms  occur 
in  Permo-Carboniferous  strata.  All  the  remaining  genera  are 
exclusively  Secondary,  the  genera  Baculites^  Turrilites,  Ham- 
ites,  and  Ptychoceras  being  confined  to  the  Cretaceous  period. 
The  only  genus  which  passes  up  into  the  Tertiary  is  Ammo- 
nitesy  which  occurs  in  beds  believed  to  be  of  this  age  in 
America. 

Of  the  Dibranchiate  Cephalopoda  the  record  is  less  perfect, 
as  these  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondary  rocks,  where  they  are  represented 
by  the  large  and  important  family  of  the  Bekmnitida.  Some 
of  the  TeuthidcB  and  SepiadcB  are  found  both  in  the  Secondary 
and  in  the  Tertiary  rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a 
Dibranchiate  Cephalopod  is  known  from  the  Palaeozoic  de- 
posits, and  the  order  attains  its  maximum  at  the  present  day. 


LITERATURE  OF  MOLLUSC  A.  50I 

LITERATURE. 
General. 

1.  "Manual  of  the  MoUusca."    S.  P.  Woodward.     4th  ed.,  with  *•  Ap- 

pendix of  Recent  and  Fossil  Conchological  Discoveries/'  by  Ralph 
Tate.     18S0. 

2.  "Handbuch  der  Conchyliologie."     PhilippL     1853. 

3.  "Malacozoa.*'     Bronn  and  Keferstein.      In   'Bronn's  Klassen  und 

Ordnungen  des  Thier-  Reichs. '     1 862-66. 

4.  Article  "MoUusca."     'Encyclopaedia  Britannica,'  ed.  ix.,   vol.    16. 

Ray  Lankester.      1883. 

5.  "Contributions   to  the  Developmental   History  of   the  Mollusca." 

*  Phil.  Trans.'     Ray  Lankester.     1875. 

6.  "On  the  Morphology  of  the  Cephalous  Mollusca."     *Phil.  Trans.' 

Huxley.     1853. 

7.  "Genera  of  Recent  Mollusca."     H.  and  A.  Adams.     1853-58. 

8.  "  Manuel  deConchyliologie."    Chenu.     1859. 

9.  "  Illustrations  Conchyliologiques."     Chenu.     (Begun  in  1843.) 
ID.    "  Thesaurus  Conchyliorum. "    G.  B.  Sowerby.     (Begun  in*i842. ) 

11.  "Conchologia  Iconica."     Lovell  Reeve.     (Begun  in  1841.) 

12.  "Memoires  pour  servir  k  I'histoire  et  k  I'anatomie  des  Mollusques." 

Cuvier.     1816. 

13.  "History  of  British  Mollusca."    Forbes  and  Hanley.     1853. 

14.  "Manual  of  British  Conchblogy."     Gwyn  Jeffreys.     1862-69. 

15.  "  Trait^  el^mentaire  de  Conchyliologie.      Deshayes.     1839-59. 

16.  "  American  Conchology. "    Say.     1830-32. 

17.  "  Synopsis  of  the  Marme  Invertebrates  of  Grand  Manan."    Stimpson. 

185 1. 

18.  "Invertebrata  of  Vineyard  Sound."     Smith  and  Verrill.     1874. 

19.  "  Mineral  Conchology  of  Great  Britain."    J.  Sowerby.     1812-30. 

20.  "  Traits  dePal^ontoiogie."     Pictet.     1853-57. 

21.  "HandbuchderPalseontologie."    Bd.  I.  Abth.  2,  Lief.  1-3.     Zittell. 

1881-84. 

Lamellibanchiata. 

22.  "The  Pelecypoda  of  the  Cretaceous  Rocks  of  India."     Ferdinand 

Stoliczka.     *  Paheontologia  Indica.'     1875. 

23.  "Bidrag  till  Kannedomen  om  Utvecklingen  af  Mollusca  Acephala." 

Lov^n.     'KoneL  Vetenskaps-Akad.  Handl.  Stockholm.'     1848-50 
(Embryology  of  Lamellibranchs). 

24.  "Entwickelungvon  Cyclas.  "    O.Schmidt     'MUller's  Archiv,' 1874. 

25.  "Structure  and  Affinities  of  the  Hippuritidse."     S.  P.  Woodward. 

•  Quart  Joum.  Geol.  Soc.'     1854. 

Gastropoda. 

26.  "  Voyage  de  1' Astrolabe.     Zoologie."    Quoy  et  Gaimard.     1832-35. 

27.  "  Voyage  de  la  Bonite,     Zoologie."    Eydoux  et  Souleyet     18^1-52. 

28.  "On  the  Morphology  of  the  Cephalous  Mollusca,"  &c.     Iluxley. 

•Phil.  Trans.'     1853. 

29.  "  Das  G^biss  der  Schnecken  zur  Begriindung  einer  natiirlichen  Classi- 

fication untersucht"    Troschel.     1856-76. 


S02  MANUAL  OF  ZOOLOGY. 

3a   ''Monograph  of  the  British  Nudibranchiate  Mollusca.'*    Alder  and 
Hancock.     •  Ray  Society. '    i845-55- 

31.  "Monographia   pneumonopomorum    viventium."      Pfeiflfer.      1852. 

Supplement,  1858. 

32.  "Cretaceous  Gastropoda  of  Southern  India."    Ferdinsuid  Stoliczka. 

*  Palseontologia  Indica.'     1868. 

33.  "Manual  of  the  Land  and  Fresh- water  Shells  of  Great  Britain." 

J.  E.  Gray.     1857. 

34.  "Terrestrial  Air-breathing  Molluscs  of  the  United  States.'*    Binney. 

1851.57. 

35.  "Observations  on  the  Development  of  the  Pond-Snail."    Ray  Lan- 

kester.     'Quart.  Joum.  Microscop.  Science.'     1874. 

36.  "Beitrage  zur  Entwickelungsgeschichte  der  Prosobranchiaten.*'    Sa- 

lensky.     'Zeitschr.furWiss.Zool.'     1872. 

37.  "  Etudes  sur  le  developpement  des  MoUusques."    Fol. 

38.  "  Histoire  de  I'organisation  et  du  developpement  du  Dentale."     '  Ann. 

des  Sciences  Nat. '    Lacaze-Duthiers.     1856-58. 

39.  "Die  Organisation  der  Chitonen  der  Adria."     'Arbeiten  a.  d.  Zool. 

Inst,  in  Wien,'  vol.  iv.  1882.     Haller. 

40.  "Report  on  the  Polyplacophora."     Haddon.     'Rep.  on  the  Sci.  Re- 

sults of  the  Voyage  of  H.M.  S.  Challenger,'  vol.  xv.  1886. 

Pteropoda. 

41.  "  Untersuchungen  liber  Pteropoden  und  Heteropoden. '*    Gegenbaur. 

1855. 

42.  "On  the  Morphology  of  the  Cephalous  Mollusca."    {Pteropoda  and 

Heteropoda,)    Huxley.     'Phil.  Trans.'     1853. 

43.  "  Anatomische  Untersuchungen  iiber  die  Clione  borealts.'*    Eschricht. 

1848. 

44.  ' '  Histoire  naturelle  des  MoUusques  Pteropodes. "     Rang  and  Souleyet. 

1852. 

45.  ' '  Entwickelungsgeschichte  der  Pteropoden  und  Heteropoden."    Krohn. 

'  Miiller's  Archiv,'  1856-57. 

46.  "Etudes  sur  le  developpement  des  Pteropodes."     FoL     'Archives 

de  Zool.  exp^r.'     1875. 

47.  "  Pteropodes  Siluriens  de  la  Boheme. "    Barrande.     1867. 

Cephalopoda. 

48.  "  Lemons  de  TAnatomie  Compar^e. "     Cuvier.     1800. 

49.  "M^moire  sur  les  C^phalopodes  et  sur  leur  Anatomie."     Cuvier. 

1817. 

50.  Article    "Cephalopoda."     Owen.      'Todd's  Cyclopaedia    of   Anat. 

and  Phys.'     1836. 

51.  "  Histoire  naturelle  des  C^phalopodes  acetabulif^res,  vivants  et  fossiles. " 

Ferussac  and  D'Orbigny.     1535-48. 

52.  "  M^moire   sur  TArgonauta."     Van  Beneden.      *Nouv.   Mem.    de 

I'Acad.  Roy.  de  Bruxelles.'    1838. 

53.  "The  Animal  of  Spirula."    J.   E.  Gray.     'Ann.    and  Mag.  Nat. 

Hist.'     1845. 

54.  ' '  Zoology  of  the  Voyage  of  H.  M.  S.  Samarang. "    Owen.     1848. 

55.  "Supplementary  Observations  on  the  Anatomy  of  Spirula  australis, 

Lamarck."     Owen.     'Ann.  Nat.  Hist.'     Scr.  5,  vol.  iii.     1879. 

56.  "Observations  on    the  Hectocotyli  of  Tremoctopus  violaceus   and 

Argonauta  argo."    Kolliker.     '  Trans.  Linn.  Soc. '     1846. 


TUNICATA.  503 

57.  "Ueber  das  Mannchen  von  Argonauta  argo  und  die  Hectocotylen. " 

*Zeitschr.  fur  Wiss.  Zool.'    H.  MuUer.     1885. 

58.  *'£ntwickeluDgsgeschichte  der  Cephalopoden."    KoIHker.     1844. 

59.  "Development  of  the  Cephalopoda."     Ray  Lankester.     'Ann.  and 

Mag.   Nat.   Hist,'  1873;   and   'Quart  Joura.  Microscop.   Sci.,' 
1875. 

60.  "  Belemnites  from  the  Oxford  Clay.*'    Owen.     *  Phil  Trans.'     18^ 

61.  "Structure  of  Belemnites."    Huxley.     *  Mem.  Geol.  Survey.'     1864. 

62.  "Monograph  of  the  Belemnitidae."     Phillips.      '  Palaeontographical 

Society.'     1865-69. 

63.  "Memoir  on  the  Pearly  Nautilus."    Owen.     1822. 

64.  "Bijdrage  tot  de  outleedkundige  Kennis  aangaende  Nautilus  pom- 

pilius,    &c.     Van  der  Hoeven.     1856. 

65.  "Embryology  of  the  Tetrabranchiates."     Hyatt     'Bulletins  of  the 

MuseumotComp.  Zoology.'     1872. 

66.  "  C^phalopodes  :  Etudes  Centrales."    Barrande.     1877. 

67.  "  Report  on  the  Cephalopoda."    Hoyle.     *  Rep.  on  the  Sd.  Results 

of  the  Voyage  of  H.M.S.  Challenger,'  vol.  xvi.  1886. 


CHAPTER    XLV. 

TUNICATA. 

Before  passing  on  to  the  Vertebrates,  we  may  here  consider 
briefly  the  remarkable  group  of  animals  which  are  known  as 
the  Tunicates,  and  which  have  been  variously  regarded  as  an 
aberrant  group  of  the  Mollusca^  or  as  a  degenerate  type  of  the 
Vertebrata,  The  Tunicates  are  simple  or  compound^  and  have 
the  body  enclosed  in  a  saccular  integumentary  investment^  which 
is  perforated  by  two  openings.  One  of  the  apertures  in  the  outer 
covering  of  the  animal  leads  into  a  dilated  pharyngeal  sac,  the 
walls  of  which  are  perforated  by  numerous  slits,  leading  into  a 
second  chamber  ("  atrium  ")  which  communicates  with  the  exterior 
by  the  other  aperture  in  the  integument.  The  pharyngeal  sac  is 
respiratory  in  function,  and  conducts  into  an  alimentary  canal 
which  opens  into  the  atrial  chamber.  The  heart  is  in  the  form  of 
a  simple  tube  open  at  both  ends.  The  sexes  are  united  in  the 
same  individual,  and  there  is  in  general  a  metamorphosis  in 
development,  the  larva  possessing  a  structure  comparable  to  the 
notochord  of  Vertebrates. 

The  Tunicates  or  Ascidians  are  all  inhabitants  of  the  sea, 
and  may  be  either  simple  or  compound.  The  general  struc- 
ture of  the  group  is  best  understood  by  taking  one  of  its 
simple  members  as  a  type.     In  external  appearance  a  solitary 
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Ascidian  may  be  compared  to  a  double-necked  jar  (figs.  301, 
302),  with  two  prominent  apertures,  which  are  situated  near 
one  another  towards  the  anterior  end  of  the  animaL  In  some 
cases  (Salpa)  the  two  apertures  are  placed  at  opposite  ends  of 
the  body.     In  the  ordinary  forms,  the  posterior  end  of  the 


Fig.  301.— Tunicata.  A,  Ascidia  lata,  seen  from  the  right  side,  of  the  natural  size :  b  Bran* 
cnial  aperture ;  a  Atrial  aperture.  B,  Part  of  the  branchial  sac  of  the  same,  seen  from 
the  inside,  magnified.  C,  Part  of  the  branchial  sac  o{  Ascidia  vii^inea  (—Ascidia 
S0rdida),  seen  from  the  inside,  magnified.    (After  Herdman.) 


body  is  attached  to  some  foreign  body.  The  outer  covering 
of  the  body  of  an  Ascidian  is  composed  of  two  layers,  an  ex- 
ternal and  internal.  The  former  of  these — ^termed  the  "  test " 
— is  often  of  considerable  thickness,  commonly  transparent  or 
semi-transparent,  and  usually  of  a  coriaceous  or  cartilaginous 
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consistence.  It  is  remarkable  as  containing  a  substance  ap- 
parently identical  with  the  cellulose  of  vegetables,  and  it  is  in 
reality  composed  of  an  abnormal  form  of  connective  tissue. 
It  is  lined  by  an  ectodermal  layer  of  cells,  and  spicules  of 
a  siliceous  or  calcareous  nature  are  sometimes  developed  in 
it.  The  test  forms  a  common  matrix  ("  investing  mass  ")  in 
which  the  zooids  of  the  composite  Tunicates  are  embedded, 
while  it  is  only  present  at  certain  times  in  Apptndictdaria^  and 
is  wanting  in  some  forms  of  Doliolum, 

The  "test"  is  lined  by  an  internal  layer,  which  is  spoken  of 
as  the  "  second  tunic  "  or  "  mantle,"  and  which  is  composed 
of  connective  tissue  containing  muscular  fibres,  nerves,  and 
blood-vessels.  The  mantle  is  only  loosely  connected  with  the 
test,  except  in  the  neighbourhood  of  the  two  apertures  of  the 
test,  but  the  two  coverings  are  in  direct  contact  during  life. 
The  muscular  tunic  gives  the  animal  great  contractility,  and 


Fig.  30a.— Morphology  of  Tunicata.  A,  Diagram  of  the  structure  of  a  simple  Tuni- 
cate :  /  Test ;  /  .Second  muscular  tunic ;  x  Branchial  sac :  b  Branchial  aperture ;  a 
Atrial  aperture ;  c  Atrium ;  o  Opening  of  the  gullet :  g  Stomach,  leading  into  the 
int««tine  ;  an  Anal  aperture ;  n  Nerve-ganglion.  B,  Botrylhu  s9Haragdus—z.  small 
portion  of  a  colony  or  the  natural  size,  and  a  single  system  of  the  same  enlarged  :  C0 
Common  atrial  aperture ;  br  Branchial  aperture  of  one  of  the  zoOids.  C,  Molgnla 
ManhattensiSt  a  simple  Ascidian.  The  arrows  in  A  and  C  show  the  direction  of  the 
water>current8. 


enables  it  to  eject  the  water  forcibly  from  its  branchial  and 
cloacal  apertures.  Hence  the  name  of  "Sea-squirts"  often 
given  to  the  Tunicates. 
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Of  the  two  apertures  into  the  test,  the  anterior  one  (figs.  301, 
302,  b)  may  be  regarded  as  the  mouth,  and  is  often  furnished 
internally  with  a  circlet  of  small,  non-ciliated,  non-retractile 
tentacles.  It  opens  into  a  largely  dilated  pharynx,  which  has 
its  walls  perforated  by  numerous  apertures  (fig.  301,  B  and  C, 
and  302,  A),  and  discharges  the  function  of  a  respiratory 
organ.  The  pharyngeal  or  "  branchial "  sac  usually  occupies 
a  great  part  of  the  cavity  of  the  mantle,  and  is  freely  sus- 
pended within  a  second  chamber,  which  is  known  as  the 
"  peribranchial  space  "  or  "  atrium,"  and  which  communicates 
with  the  exterior  by  the  second,  or  "atrial,"  aperture  of  the 
test  (figs.  301,  302,  a).  The  atrial  aperture  is  placed  pos- 
teriorly to  the  branchial  aperture,  and  usually  on  the  dorsal 
aspect  of  the  body.  The  atrial  chamber  includes  the  whole 
of  the  branchial  sac,  except  along  a  line  running  longitudinally 
on  the  ventral  side  of  the  pharynx,  and  corresponding  with 
the  structure  termed  the  "  endostyle  "  (fig.  303,  en). 

The  membranous  wall  of  the  atrial  sac  becomes  completely 
incorporated  with  the  wall  of  the  pharyngeal  sac,  where  it 
wraps  round  the  latter,  and  the  two  conjoined  lamellae  become 
perforated  by  numerous  apertures  arranged  in  successive 
transverse  rows  (fig.  301,  B  and  C).  The  margins  of  these 
pharyngo-atrial  apertures  are  fringed  with  cilia,  which  work 
towards  the  atrium ;  and  by  the  action  of  these  water-currents 
are  produced,  which  get  in  by  the  branchial  aperture  and  out 
by  the  atrial  opening,  and  which  not  only  supply  oxygen  to 
the  blood,  but  also  bring  to  the  animal  the  minute  organisms 
which  constitute  its  food.  The  pharyngeal  sac  is  enabled  to 
act  as  a  respirator)'  organ  in  virtue  of  the  fact  that  its  walls 
are  composed  of  a  lattice-work  of  longitudinal  and  transverse 
blood-vessels,  which  bound  the  ciliated  apertures  just  spoken 
of,  and  which  open  on  each  side  into  two  main  longitudinal 
sinuses — the  so-called  "  branchial "  or  "  thoracic  "  sinuses. 

The  structure  termed  the  "endostyle"  (fig.  303,  en)y  is  a 
longitudinal  ciliated  groove,  with  prominent  margins,  which 
is  placed  along  the  ventral  side  of  the  pharynx,  and  which 
has  for  its  function  the  secretion  of  mucus.  On  the  dorsal 
side  of  the  pharynx,  opposite  to  the  endostyle,  is  a  peculiar 
fold-like  involution  of  the  wall  of  the  pharynx  (fig.  303,  dl), 
which  is  known  as  the  "dorsal  lamina"  (or  "languets"). 

At  the  bottom  of  the  pharyngeal  sac  is  situated  the  opening 
of  the  oesophagus  (fig.  302,  A,  ^),  which  conducts  to  a  capa- 
cious stomach.  From  the  stomach  an  intestine  is  continued, 
generally  with  few  flexures,  to  the  anal  aperture,  which  opens 
into  the  atrium,  excrementitious  matters  thus  being  dischaiged 
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along  with  the  outgoing  currents  of  water  from  the  atrial 
aperture  of  the  test.  The  atrium  is  for  this  reason  often 
spoken  of  as  the  "cloaca."  The  stomach  and  intestine 
almost  always  lie  on  one  side  of  the  branchial  sac,  usually 
the  left,  and  the  first  bend  of  the  intestine  is  "  haemal,"  or  is 
directed  towards  that  side  of  the  body  on  which  the  heart  is 
situated.  Glandular  organs  which  may  represent  the  liver  are 
often  present,  and  there  are  also  organs  which  are  supposed 
to  have  a  renal  function. 

The  heart  is  a  simple  sac  or  fusiform  tube,  enclosed  in  a 


Fig.  303. — Diagrammatic  cross-section  of  an  Ascidian  towards  its  anterior  end,  to  show 
the  relation  of  the  pharyngeal  sac  to  the  atrial  membrane.  /  Test ;  m  Second  tunic 
or  "mantle";  >  Parietal  layer  of  the  atrial  membrane;  v  Vbccral  layer  of  the 
atrial  membrane,  incorporated  with  the  proper  wall  of  the  pharynx,  the  conjoined 
lamellas  being  oerforated  by  the  respiratory  pores  (the  atrial  membrane  is  repre- 
sented bv  the  tnick  black  line,  and  the  wall  of  the  phar^x  is  cross-shaded ;  the 
arrows  show  the  direction  of  the  currents  of  water) ;  >A  Cavity  of  the  pharyngeal 
sac :  a  Cavity  of  the  atrium ;  en  Endostyle ;  dl  Dorsal  lamina.     The  processes 


which  connect  the  branchial  sac  with  the  mantle  are  omitted. 
Donuil  side.    (Altered  from  Herdman). 


V,  Ventral  side  ;  D, 


pericardium,  and  giving  off  vessels  at  both  ends.  The 
circulation  exhibits  the  remarkable  peculiarity  of  being 
periodically  reversed,  the  blood  being  propelled  in  one 
direction  for  a  certain  number  of  contractions,  and  being 
then  driven  for  a  like  period  in  an  opposite  direction ;  "  so 
that  the  two  ends  of  the  heart  are  alternately  arterial  and 
venous  "  (Huxley). 

The  nervous  system  consists  of  a  single  ganglion  placed  on 
the  dorsal  side  of  the  mouth  (fig.  302,  n).     In  the  aberrant 
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genus  Appendicularia^  in  which  the  tail  of  the  larva  is  per- 
sistent, this  ganglion  is  connected  with  a  second  ganglion 
which  is  placed  at  the  base  of  the  tail,  and  which  gives  off  a 
nervous  cord  to  the  latter.  The  principal  sense-organs  are 
the  tentacles  placed  at  the  entrance  of  the  branchial  sac,  and 
minute  pigment-spots  or  "  ocelli "  placed  round  the  branchial 
and  atrial  apertures. 

The  so-called  "  olfactory  gland,"  or  "  hypophysial  gland,"  is 
not  an  organ  of  sense.  It  consists  of  a  tubular  gland,  which 
lies  underneath  the  nerve-ganglion,  and  the  duct  of  which 
terminates  on  the  so-called  "olfactory  tubercle,"  at  the 
anterior  end  of  the  branchial  sac,  on  the  dorsal  side.  This 
curious  organ  has  been  compared  with  the  "  pituitary  body  " 
of  Vertebrates. 

The  sexes  are  united  in  the  same  individual  in  all  the 
Tunicates.  The  reproductive  organs  lie  in  the  fold  of  the 
intestine,  and  their  ducts  open  into  the  atrial  chamber.  In 
Appendicularia  the  generative  glands  are  ductless,  and  in  the 
SalpoR  the  male  organs  are  not  at  first  developed.  Non-sexual 
reproduction  by  means  of  budding  is  of  very  common  occur- 
rence, and  the  phenomena  attending  it  are  often  of  consider- 
able complexity. 

The  embryo  Tunicate  (fig.  304,  A  and  C)  generally  passes 
through  a  free  and  locomotive  phase,  in  which  it  is  shaped 
like  the  tadpole  of  a  Frog,  and  swims  by  means  of  a  long 
caudal  appendage.  In  some  cases,  however  (^.^.,  Molgula)^ 
the  larva  is  destitute  of  a  tail,  and  there  is  no  metamorphosis. 
The  larval  tail  is  especially  remarkable  as  containing  a  primi- 
tive neural  canal,  in  the  floor  of  which  is  developed  a  cellular 
rod-like  structure,  which  resembles  the  notochord  of  Verte- 
brates. Ultimately,  the  larva  in  the  majority  of  cases 
attaches  itself  to  some  foreign  body  by  means  of  processes 
developed  at  one  end  of  the  body ;  a  mouth  is  developed  at 
the  opposite  extremity ;  and  the  embryonic  tail,  with  its  con- 
tained structures,  is  wholly  lost  In  Appendicularia  alone  the 
larval  tail  is  persistent. 

The  following  *  are  the  more  important  developmental  changes  exhibited 
in  the  simple  Ascidians  genendly,  as  worked  out  ,by  the  researches  of 
Kowalewsky  and  others  : — 

(i.)  The  s^mented  ovum  gives  rise  to  a  double-layered  embryo  or 
'*gastrula,"  the  primitive  mouth  ("blastopore")  of  which  is  placed  at  the 
posterior  end  of  the  body — r.^.,  at  the  end  of  the  body  whidi  is  destined 
to  become  ultimately  the  fixed  end. 


*  See  Balfour's  'Treatise  on  Comparative  Embryolc^,*  vol.  ii.  p.    8 
ei  seq. 
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(2.)  The  dorsal  side  of  the  embryo  next  becomes  flattened,  and  a  groove 
("medullary  groove  ")  is  formed  upon  it,  which  soon  becomes  converted, 
by  the  upward  ^owth  and  fusion  of  its  bounding  walls,  into  a  closed  tube, 
which  communicates  with  the  primitive  mouth  in  front  There  is  thus 
formed  a  primitive  *'  neural  canal,"  as  in  the  embryo  of  Vertebrates. 

(3.)  The  cells  forming  the  floor  of  this  primitive  neural  canal  for  the 
posterior  half  of  its  extent :  become  modified  to  form  a  rod-like  cellular 
structure,  corresponding  with  the  "  notochord  "  of  Vertebrates.     This  is 


Fig.  ^4.— Development  of  Tunicata.  A,  Larva  ot  BotiyUus  violaceus.  greatly  mag- 
nified :  a  Processes  for  attachment ;  b  Mass  of  primitive  cells  from  which  the  diges- 
tive organs  are  developed  ;  c  Circlet  of  eight  cellular  outgrowths ;  d  Kye-spot ;  e 
Entrance  to  the  branchial  sac ;  /The  external  structureless  "  test" ;  /■  Large  nucle- 
ated cells  forming  the  sheath  of  the  central  axis  (eight  rows  of  these  cells  are  pres- 
ent). B,  A  portion  of  the  tail,  highly  magnified :  k  Central  axis,  i/anxdr,  as  before). 
C,  Another  larva  of  the  same,  viewed  from  the  side,  and  highly  magnined,  showing 
the  superior  and  inferior  fin-like  prolongations  (/  /)  of  the  "  test,"  with  ray-like  striae, 
(the  other  letters  as  before^  D.  Diagrammatic  cross-section  of  the  tail,  showing  the 
position  of  the  fins  (/>),  and  the  relations  to  one  another  of  the  central  axis  (k),  the 
intermediate  cellular  sheath  (g),  and  the  external  structureless  test  (/).  (After 
Reichert.) 

not,  however,  prolonged  into  the  anterior  half  of  the  larva.  The  larva  is 
now  furnished  with  a  long  caudal  appendage.  In  process  of  growth, 
lateral  muscles  are  developed  in  connection  with  the  notochord  ;  and  the 
neural  tube  exhibits  an  anterior  dilatation  which  may  be  compared  with 
the  cerebral  dilatation  of  the  neural  canal  of  Vertebrates. 

(4.)  The  "test"  is  next  formed  as  a  cuticular  deposit  of  epiblast  cells, 
and  there  grow  out  from  the  posterior  end  of  the  body  (which  is  at  this 
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stage  the  anterior  end)  three  papillae  (fig.  304,  a)y  which  secrete  a  glutinous 
fluid  and  are  destined  to  act  as  organs  of  attachment. 

(5.)  When  the  larva  is  hatched,  an  auditory  organ  and  an  unpaired  eye 
are  developed  in  the  front  part  of  the  neural  canal ;  and  a  nervous  cord, 
which  may  be  compared  with  the  spinal  cord  of  Vertebrates,  is  developed 
in  the  posterior  part  of  the  same. 

(6.)  The  alimentary  canal  and  branchial  sac  of  the  adult  are  next 
developed,  and  the  atrial  cavity  appears  as  a  pair  of  saccular  involutions  of 
the  outer  (epiblastic)  layer  of  the  body,  which  grow  inwards  and  fuse  with 
the  branchial  sac. 

(7.)  The  larva  now  attaches  itself  to  some  foreign  body  by  one  of  the 
three  posterior  papillae  before  mentioned.  The  larval  tail,  and  with  it  the 
notochord,  becomes  atrophied  and  disappears  (except  in  Appejtdicul(iria\ 
The  nervous  system  simultaneously  undergoes  retrogressive  metamorphosis, 
the  anterior  portion  of  the  dorsal  cord  ("sjjinal  cord  ")  alone  persisting  as 
the  nerve-ganglion  of  the  adult.  A  mouth  is  formed  at  the  free  or  anterior 
end  of  the  body — Le.^  at  the  end  opposite  to  that  at  which  the  primitive 
mouth  was  placed.  Lastly,  the  primitive  branchial  fissures  become  much 
more  numerous,  and  the  two  original  atrial  sacs  coalesce  to  form  the  single 
cloacal  sac  of  the  adult. 

The  Tunicates  present  themselves  under  very  varied  types 
of  structure,  and  often  exhibit  very  remarkable  phenomena  in 
the  way  of  non-sexual  reproduction  and  alternation  of  genera- 
tions. The  following  groups  may  be  distinguished  among  the 
Tunicata : — 

(i.)  Simple  Ascidians. — These  consist  typically  of  solitary  animals  (fig. 
301,  A,  and  302,  C),  each  of  which  is  included  in  a  complete  test,  fumishwi 
with  branchial  and  atrial  apertures.  The  adult  is  usually  fixed  to  some 
foreign  body,  but  may  be  non-adherent.  Well-known  and  widely-dis- 
tributed genera  are  Ascidia^  Ciona,  and  Styela  {Cynthia). 

(2.)  Social  Ascidians, — ^These  are  very  closely  allied  to  the  preceding, 
and  are,  indeed,  essentially  identical  in  anatomical  structure.  The  original 
animal,  however,  gives  out  branched  root-like  prolongations,  or  "stolons," 
from  its  test,  through  which  the  blood  circulates,  and  from  which  new 
zooids  are  budded  out.  The  principal  genera  of  this  group  are  davdUna 
and  Perophora, 

(3.)  Compound  Ascidians. — These  are  forms  in  which  the  original  animal 
produces  by  budding  a  colony  ('*ascidiarium  ")  consisting  of  numerous 
zooids  ('*  ascidiozooids  "),  which  become  aggregated  into  a  common  growth 
by'an  "investing  mad^"  composed  of  the  fused  tests  of  the  members  of 
the  colony.  The  separate  zooids  may  be  irr^ularly  scattered  through  the 
colony,  or  they  may  be  arranged  in  definite  groups  or  "  systems";  and 
they  essentially  resemble  simple  Ascidians  in  anatomical  structure.  Most 
of  the  composite  Ascidians  are  fixed  to  foreign  bodies  by  their  common 
test.  Familiar  examples  are  the  Botrylli  (fig.  302,  B),  which  form  semi- 
transparent  crusts,  often  of  brilliant  colours,  attached  to  submarine  objects, 
and  consisting  of  numerous  zooids  arranged  in  star-like  groups,  the 
members  of  each  system  having  a  common  atrial  aperture.  In  Pyrosoma^ 
on  the  other  hand,  the  colony  is  free-swimming,  and  there  is  a  remarkable 
alternation  of  generations. 

(4.)  Salpiform  Ascidians. — These  include  the  aberrant  genera  Salpa  and 
Doliolum^  comprising  transparent,  barrel-shaped,  free-swimming  oceanic 
Tunicates,  in  which  the  branchial  and  atrial  openings  are  terminal  and  are 
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placed  at  opposite  ends  of  the  body.  There  is  an  alternation  of  genera- 
tions which  m  the  case  of  Doliolum  is  very  complex.  In  the  Salpoi  the 
organism  occurs  in  two  well-marked  alternating  generations,  each  of  which 
produces  the  other.  The  one  generation  consists  of  solitary  individuals 
which  have  no  reproductive  organs,  but  give  rise  by  budding  to  the  second 
generation,  consisting  of  sexuid  individuals  united  in  chains  and  moving  in 
a  serpentine  manner  through  the  water.  The  associated  forms  are  pro- 
duced as  a  chain  of  embryos  developed  in  the  interior  of  a  solitary  form  ; 
and  each  zooid  of  the  liberated  chain  develops  a  solitary  embryo  which  is 
attached  to  the  interior  of  its  atrial  sac  by  a  sort  of  placenta,  and  is  ulti- 
mately detached  as  a  solitary  being. 

(5.)  Perennichardate  AsciJians, — In  this  group  are  only  the  aberrant 
genus  Appendicularia^  and  some  allied  forms,  comprising  small  oceanic 
Tunicates,  in  which  alone,  of  all  the  forms  of  the  class,  the  larval  tail  and 
notochord  are  persistent.  The  animal  is,  therefore,  tadpole-like,  and  its 
"  test "  is  only  developed  from  time  to  time,  and  is  not  permanent.  There 
is  an  additional  ganglion  at  the  root  of  the  caudal  appendage,  and  a 
nervous  cord  is  continued  backwards  from  this.  The  anus  opens  directly 
on  the  exterior,  and  the  generative  glands  are  ductless. 

As  regards  their  distribution  in  space^  the  Tunicates  are  ex- 
clusively marine,  and  are  principally  littoral  and  shallow-water 
forms,  though  some  are  found  at  considerable  depths,  and 
many  are  pelagic  in  habit.  The  singular  Salpida  have  the 
branchial  and  atrial  apertures  placed  at  opposite  ends  of  the 
body,  and  are  found  swimming  in  the  open  sea,  often  in  im- 
mense shoals.  The  Appendicuiaria^  with  their  permanent 
larval  tails,  are  likewise  oceanic,  as  is  the  cask-shaped  Dolio- 
lum. Lastly,  in  Pyrosoma^  we  have  a  singular  compound 
oceanic  Tunicate,  in  which  the  numerous  zooids  form  a 
tubular  colony,  which  is  propelled  through  the  water  by  the 
united  excurrent  respiratory  jets  of  its  component  members. 
Like  the  Salpians,  it  is  brilliantly  phosphorescent. 

On  the  other  hand,  the  more  typical  Tunicates  are  found 
attached  to  all  kinds  of  submarine  objects,  or  (as  in  Pelonaid) 
embedded  in  mud. 

During  the  "Challenger  expedition,"  some  singular  deep- 
sea  Tunicates  were  obtained,  and  have  been  since  described 
by  Prof.  Moseley.  One  of  these  (Hypobythius)  was  found  in 
the  Pacific,  at  a  depth  of  nearly  3000  fathoms,  attached  to 
foreign  objects  by  a  peduncle.  Its  test  is  hyaline  and  trans- 
parent, and  is  strengthened  by  symmetrically  disposed  cartila- 
ginous plates.  Octacnemus^  dredged  at  over  1000  fathoms,  is 
also  hyaline  and  transparent,  with  a  short  stalk,  but  it  possesses 
eight  long  radiating  processes,  which  give  it  a  stellate  appear- 
ance; and  the  branchial  sac  is  so  flattened  as  to  become 
nearly  horizontal. 

No  Tunicates  are  known  with  certainty  to  have  been  pre- 
served in  the  fossil  condition. 
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VERTEBRATE    ANIMALS. 


CHAPTER  XLVI. 

General  Characters  and  Divisions  of  the 
Vertebrata. 

The  six  sub -kingdoms  which  we  have  previously  considered — 
viz.,  the  Proiozoay  Porifera]  Coslenteratay  Echinodermata^  An- 
nulosa^  and  Mollusca — together  with  the  groups  of  the  Mol- 
luscoids  and  Tunicates,  were  grouped  together  by  the  French 
naturalist  Lamarck  to  form  one  great  division,  which  he  termed 
Iivoertehrata^  the  remaining  members  of  the  animal  kingdom 
constituting  the  division  Vertebrata,  The  division  Vertebrata^ 
though  including  only  a  single  sub-kingdom,  is  so  compact  and 
well-marked  a  division,  and  its  distinctive  characters  are  so 
numerous  and  so  important,  that  this  mode  of  looking  at  the 
animal  kingdom  is,  at  any  rate,  a  very  convenient  one. 

The  sub-kingdom  Vertebrata  may  be  shortly  defined  as  com- 
prising bilaterally  symmetrical  animals^  devoid  of  external  seg- 
mentation, but  shazving  more  or  less  clearly  in  their  internal 
structure  a  composition  of  the  body  out  of  longitudinally  arranged 
segments.  The  main  masses  of  the  nervous  system  are  dorsal, 
and  are  always  shut  off  from  the  visceral  tube.  The  cerebro- 
spinal nerve-axis  is  underlaid  by  the  structure  known  as  the 
*•  notochard"  which,  in  adult  life,  is  generally  more  or  less  com- 
pletely replaced  by  the  cartilaginous  or  bony  axis  known  as  the 
"  vertebral  column,^^  Limbs  may  be  wanting;  but  when  present, 
they  are  never  more  than  two  pairs  in  number,  and  they  are 
always  turned  away  from  the  neural  expect  of  the  body.  These 
characters  distinguish  the    Vertebrata,  as  a  whole,  from  the 
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Invertebrata ;  but  it  is  necessary  to  define  these  broad  differ- 
ences more  minutely,  and  to  consider  others  which  are  of  little 
less  importance. 

One  of  the  most  obvious,  as  it  is  one  of  the  most  funda- 
mental, of  the  distinctive  characters  of  Vertebrates^  is  to  be 
found  in  the  shutting  off  of  the  main  masses  of  the  nervous 
system  from  the  general  cavity  of  the  body.  In  all  adult  In- 
vertebrate animals,  without  exception,  the  body  (fig.  305,  A) 
may  be  regarded  as  a  single  tube,  enclosing  all  the  viscera ;  and 


Fig.  305.— A,  Transverse  section  of  the  body  of  one  of  the  higher  Invertebrata  :  a  Body- 
wall  ;  d  Alimentary  canal ;  c  Haemal  system  ;  n  Nervous  system.  ^  B,  Transverse 
section  of  the  body  of  a  Vertebrate  animal :  a  Body-wall ;  b  Alimentary  canal ; 
c  Haemal  system ;  n  Sympathetic  system  of  nerves ;  9^  Cerebro-spinal  system  of 
nerves ;  ck  Notochord. 

consequently,  in  this  case,  the  nervous  system  is  contained 
within  the  general  cavity  of  the  body,  and  is  not  in  any  way 
shut  off  from  the  alimentary  canal, '  The  transverse  section, 
however,  of  a  Vertebrate  animal  exhibits  two  tubes  (fig.  305,  B), 
one  of  which  contains  the  great  masses  of  the  nervous  system 
— that  is,  the  cerebro-spinal  axis,  or  brain  and  spinal  cord 
— whilst  the  other  contains  the  alimentary  canal  and  the 
chief  circulatory  organs,  together  with  certain  portions  of  the 
nervous  system  known  as  the  "  ganglionic  or  "  sympathetic  " 
system.  The  "neural"  tube,  containing  the  great  nerve- 
centres,  is  placed  on  the  dorsal  side  of  the  body,  while  the 
visceral  tube,  containing  the  alimentary  canal,  heart,  and  other 
organs  of  vegetative  life,  is  situated  ventrally. 

Not  only  are  the  great  nerve-centres  in  this  way  completely 
shut  off  from  the  viscera,  but  they  are  developed  in  a  tube, 
which  is,  to  begin  with,  a  mere  groove  on  the  exterior  surface 
of  the  embryo.  At  an  early  period  in  the  development  of  the 
embryo  of  any  Vertebrate  animal,  the  portion  of  the  ovum  in 
which  development  is  going  on — the  "  blastoderm  " — becomes 
elevated  into  two  parallel  ridges,  one  on  each  side  of  the 
middle  line,  enclosing  between  them  a  long  groove,  which  is 
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known  as  the  "  medullary  groove  "  *  (fig.  306,  c).  The  ridges 
which  bound  the  medullary  groove  are  known  as  the  "  laminae 
dorsales"  (fig.  306,  B,  d),  and  they  become  more  and  more 
raised  up,  till  ultimately,  bending  over,  they  meet  in  the  middle 


Fig.  306.— Early  stages  of  the  development  of  a  Fowl  (after  Huxley).  A,  The  germinal 
area,  enlarged,  showing  the  medullary  groove  (<r).  B,  The  blastoderm  with  the 
development  further  advanced  :  c  Medullary  groove  ;  a  Cephalic  end  of  the  medul- 
lary groove ;  b  Caudal  end  of  the  same  ;  d  The  "  dorsal  laminae,"  as  yet  only  devel- 
oped in  the  cephalic  region,  and  not  quite  united  in  the  middle  line ;  e  Protovertebrae. 


line,  and  unite  to  form  a  tube,  within  which  the  cerebro-spinal 
nerve-axis  developed.  It  follows  from  its  mode  of  formation 
that  the  inner  wall  of  the  tube  formed  by  the  medullary  groove, 
which  remains  as  the  partition  between  the  cerebro-spinal 
canal  and  the  body-cavity,  is  nothing  more  than  a  portion  of 
the  primitive  wall  of  the  body  of  the  embryo. 

Another  remarkable  peculiarity  as  regards  the  nervous  sys- 
tem is  found  in  the  fact,  as  pointed  out  by  Professor  Huxley, 
that  in  no  Vertebrate  animal  does  the  alimentary  canal  pierce 
the  main  masses  of  the  nervous  system,  but  turns  away  to  open 
on  the  opposite  side  of  the  body.  In  most  Invertebrates,  on 
the  other  hand,  in  which  there  is  a  well-developed  nervous 
system,  this  is  perforated  by  the  gullet,  so  that  an  oesophageal 

*  The  longitudinal  furrow,  known  as  the  **  primitive  groove,"  appears  in 
tlie  posterior  part  of  the  blastoderm,  and  prior  to  the  formation  of  the 
medullary  groove ;  but  it  disappears  at  an  early  period  of  development 
**  without  entering  directly  into  the  formation  of  any  part  of  the  future 
animal. " — (Foster  and  Balfour). 
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nerve-collar  is  formed,  and  some  of  the  nervous  centres  become 
pra&oesophageal,  whilst  others  are  post-oesophageal. 

Furthermore,  the  floor  of  the  "  medullary  groove '*  in  the 
embryo  of  all  Vertebrates  has  developed  in  it  at  an  early 
period  the  structure  known  as  the  "notochord"  or  "chorda 
dorsalis"  (fig.  305,  B,  cK),  This  structure,  so  characteristic  of 
Vertebrates,  is  a  cellular  rod-like  axis,  which  tapers  at  both 
ends,  and  extends  along  the  floor  of  the  cerebro-spinal  canal, 
supporting  the  cerebro-spinal  nervous  centres.  In  some  Ver- 
tebrates, such  as  the  Lancelet  {Amphioxus\  the  nptochord  is 
persistent  throughout  life.  In  the  majority  of  cases,  however, 
the  notochord  is  replaced  before  maturity  by  the  structure 
known  as  the  "vertebral  column"  or  "backbone,"  from 
which  the  sub-kingdom  Vertehrata  originally  derived  its  name. 
This  is  not  the  place  for  an  anatomical  description  of  the 
spinal  column,  and  it  is  sufficient  to  state  here  that  it  is  essen- 
tially composed  of  a  series  of  cartilaginous,  or  more  or  less 
completely  ossified,  segments  or  vertebra y  arranged  so  as  to 
form  a  longitudinal  axis,  which  protects  the  great  masses  of  the 
nervous  system.  It  is  to  be  remembered,  however,  that  aU 
Vertebrate  animals  do  not  possess  a  vertebral  column.     They 

all  possess  a  notochord ; 
but  this  may  be  persist- 
ent, and  in  many  cases 
the  development  of  the 
spinal  column  is  extremely 
imperfect 

Another  embryonic 
structiure,  which  is  charac- 
teristic of  all  Vertebrates, 
is  found  in  the  so-called 
"  visceral  arches "  and 
"  clefts  "  (fig.  307).  The 
"visceral  arches"  are  a 
series  of  parallel  ridges 
transversely    to 


Fig.  307.— Side-view  of  the  head  of  an  embi 
l)og-fish  (after  Parker),    tr  One  of  the  cartil 


(ryo 
:ila- 


S'nous  rods  ("trabeculae  cranii")  developed 
e  floor  of  the  skull ;  m  The  first  visceral  arch, 
constituting  the  I  "  


ne  the  lower  iaw  or  "  mandible  " ;  t^  runnmg  tranSVCrSCly  tO 
The  second  visceral  arch,  constituting  the  hyoid  the  axis  Of  the  bodv, 
arch ;  br  The  third  visceral  arch,  constituting  ...''-' 

the  first  of  the  '*  branchial  arches " ;  cl  The 
"  hvomandibular  cleft";  v The  first  "  branchial 
cleft  " ;  H  Rudiment  of  the  olfactory  organ ;  o 
Eye  ;  a  Auditory  mass. 


situated  at  the  sides  of, 
and  posterior  to,  the 
mouth.  As  development 
proceeds,  the  intervals  be- 
tween these  ridges  become  grooved  by  depressions  which 
gradually  deepen,  until  they  become  converted  into  a  series 
of  openings  or  "clefts,"  whereby  a  free  communication 
is  established  between  the   upper    part  of  the    alimentary 
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canal  (pharynx)  and  the  external  medium.  In  Fishes  and 
many  Amphibians  the  greater  number  of  the  visceral  clefts 
remain  open  throughout  Ufe;  and  the  visceral  arches  of  all 
fishes  (except  the  Lancelet)  throw  out  filamentous  or  la- 
mellar processes,  which  receive  branches  of  the  branchial 
artery  and  constitute  branchiae.  In  the  Abranchiate  Verte- 
brates (Reptiles,  Birds,  and  Mammals),  branchial  processes 
are  never  developed  upon  any  of  the  visceral  arches,  and  the 
visceral  clefts  become  closed,  the  first  cleft  alone  being  par- 
tially preserved  as  the  meatus  auditarius  extemus.  The  first 
visceral  arch  becomes  converted  into  the  lower  jaw  or  *'  man- 
dible" (fig.  307,  m)'j  and  the  second  becomes  the  "hyoid 
arch  "  (fig.  307,  hy).  The  remaining  arches,  with  the  partial 
exception  of  the  most  anterior  one  (the  third  arch),  disappear 
in  air-breathing  Vertebrates,  but  they  are  persistent  in  Fishes, 
and  constitute  the  so-called  *'  branchial  arches.'' 

The  limbs  of  Vertebrate  animals  are  always  articulated  to 
the  body,  and  they  are  always  turned  away  from  the  neural 
aspect  of  the  body.  They  may  be  altogether  wanting,  or  they 
may  be  partially  undeveloped ;  but  there  are  never  more  than 
two  pairs,  and  they  always  have  an  internal  skeleton  for  the 
attachment  of  the  muscles  of  the  limb. 

A  specialised  blood-vascular  or  "haemal"  system  is  present 
in  all  the  Vertd^ata;  and  in  all  except  one — the  Atnphioxus — 
there  is  a  contractile  cavity  or  hearty  which  never  consists  of 
less  than  two  chambers  provided  with  valvular  apertures.  In 
all  the  Vertebrata  the  heart  is  essentially  a  respiratory  heart — 
that  is  to  say,  it  is  concerned  with  driving  the  impure  or  venous 
blood  to  the  breathing  organs ;  and  in  its  simplest  form  .(fishes) 
it  is  nothing  more  than  this.  In  the  higher  Vertebrates,  how- 
ever, there  is  superadded  to  this  a  pair  of  cavities  which  are 
concerned  in  driving  the  pure  or  arterial  blood  to  the  body. 
When  this  is  the  case,  these  two  circulations  are  often 
spoken  of  as  the  "  lesser "  or  "  pulmonary "  circulation,  and 
the  "greater"  or  "systemic"  circulation. 

In  all  Vertebrates  there  is  that  peculiar  modification  of  the 
venous  system  which  is  known  as  the  "  hepatic  portal  system." 
That  is  to  say,  a  portion  of  the  blood  which  is  sent  to  the  ali- 
mentary canal,  instead  of  returning  to  the  heart  by  the  ordinary 
veins,  is  carried  to  the  liver  by  a  special  vessel — the  vena 
porta — ^which  ramifies  through  this  organ  after  the  manner  of 
an  artery.  In  the  majority  of  the  lower  Vertebrates  (Fishes 
and  Amphibians),  the  afferent  veins  of  the  kidney  similarly 
break  up  in  the  substance  of  this  organ,  as  the  portal  vein 
does  in  the  liver,  a  portion  of  the  venous  blood  being  thus 
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specially  acted  upon  before  being  added  to  the  general  venous 
circulation.  In  these  forms,  therefore,  there  exists  what  is 
known  as  a  "renal-portal"  venous  circulation. 

In  all  Vertebrates,  also,  is  found  the  peculiar  system  of  ves- 
sels known  as  the  "  lacteal  system.''  This  is  to  be  regarded 
as  an  appendage  of  the  venous  system  of  blood-vessels,  and 
consists  of  a  series  of  vessels  which  take  up  the  products  of 
digestion  from  the  alimentary  canal,  elaborate  them,  and  finally 
empty  their  contents  into  the  veins. 

Lastly,  the  masticatory  organs  of  Vertebrates  are  modified 
.  portions  of  the  walls  of  the  head,  and  never  "  hard  productions 
of  the  alimentary  mucous  membrane,  or  modified  limbs  "  (Hux- 
ley), as  they  are  amongst  the  Invertebrates. 

The  above  are  the  leading  characters  of  the  Vertebrate  as  a 
whole ;  but  before  going  on  to  consider  the  primary  divisions 
of  the  sub-kingdom,  it  may  be  as  well  to  give  a  very  brief  and 
general  description  of  the  anatomy  of  the  higher  and  more 
typical  Vertebrates,  commencing  with  their  bony  framework, 
or  skeleton. 

The  hard  structures  of  Vertebrates  are  partly  endoskeletal 
and  partly  exoskeletal,  the  latter  being  hardenings  of  the  in- 
tegument or  mucous  membranes.  The  endoskeleton  in  the 
case  of  many  of  the  lower  Vertebrates  does  not  pass  beyond  the 
condition  of  cartilage ;  but  in  the  higher  groups  it  is  formed 
by  the  deposition  of  phosphate  of  lime  in,  or  close  to,  masses 
of  cartilage,  and  the  formation  in  this  way  of  true  osseous 
tissue.  Those  bones  which,  prior  to  ossification,  exist  in  the 
condition  of  cartilage,  are  known  as  "  cartilage-bones  ";  where- 
as those  which  are  not  prefigured  in  cartilage  are  termed 
"  membrane-bones." 

The  endoskeleton  of  the  Vertebrata  may  be  regarded  as  con- 
sisting essentially  of  the  bones  which  go  to  form  the  head  and 
trunk  on  the  one  hand  (sometimes  called  the  "  axial "  skeleton), 
and  of  those  which  form  the  supports  for  the  limbs  ("  appen- 
dicular"  skeleton)  on  the  other  hand.  The  bones  of  the  head 
and  trunk  may  be  looked  upon  as  essentially  composed  of  a 
series  of  bony  rings  or  segments,  arranged  longitudinally,  one 
behind  the  other.  Anteriorly  these  segments  are  much  ex-  . 
panded,  and  likewise  much  modified,  to  form  the  bony  case 
which  encloses  the  brain,  and  which  is  termed  the  cranium  or 
skull.  Behind  the  head  the  segments  enclose  a  much  smaller 
cavity,  which  is  called  the  "  neural "  or  spinal  canal,  as  it  en- 
closes the  spinal  cord ;  and  they  are  arranged  one  behind  the 
other,  forming  the  vertebral  column.  The  segments  which  form 
the  vertebral  column  are  called  "vertebrae,"  and  they  have  the 
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following  general  structure :  Each  vertebra  (fig.  308,  A)  con- 
sists of  a  central  piece,  which  is  the  fundamental  and  essential 
element  of  the  vertebra,  and  is  known  as  the  "  body  "  or  "  cen- 
trum" (c).  From  the  upper  or  posterior  surface  of  the  centrum 
spring  two  bony  arches  («  «),  which  are  called  the  "  neural 
arches,"  or  "  neurapophyses,"  because  they  form  with  the  body 
a  canal — the  "  neural  canal " — which  encloses  the  spinal  cord. 
From  the  point  where  the  neural  arches  meet  behind,  there  is 
usually  developed  a  longer  or  shorter  spine,  which  is  termed 
the  "spinous  process,"  or  "neural  spine"  {s).  From  the  neu- 
ral arches  there  are  also  developed  in  the  typical  vertebra  two 
processes  {a  a),  which  are  known  as  the  "  articular  "  processes, 


Fig.  «o8.— A,  Lumbar  vertebra  of  a  Whale  :  c  Bodv  or  centrum ;  n  n  Neural  arches ;  s 
Neural  sj)ine  ;  a  a  Articular  processes  ;  d  d  Transverse  processes.  B,  Diagram  of 
a  thoraac  vertebra  :  c  Centrum  ;  n  n  Neural  arches  enclosing  the  neural  canal ;  s 
Neural  spine ;  r  r  Ribs,  assisting  in  the  formation  of  the  haemalarch  ;  pp  Costxd  car- 
tilages ;  o  Sternum,  with  haemal  spine.    (After  Owen.) 

or  "  zygapophyses."  The  vertebrae  are  united  to  one  another 
partly  by  these,  but  to  a  greater  extent  by  the  bodies  or 
"  centra."  From  the  sides  of  the  vertebral  body,  at  the  point 
of  junction  with  the  neural  arches,  there  proceed  two  lateral 
processes  (dd)^  which  are  known  as  the  "  transverse  processes." 
(In  the  typical  vertebra  the  transverse  processes  consist  each 
of  two  pieces,  an  anterior  piece  or  "  parapophysis,"  and  a  pos- 
terior piece  or  "  diapophysis.")  These  elements  form  the 
vertebra  of  the  human  anatomist,  but  the  "vertebra"  of  the 
transcendental  anatomist  is  completed  by  a  second  arch  which 
is  placed  beneath  the  body  of  the  vertebra  and  which  is  called 
the  "  haemal "  arch,  as  it  includes  and  protects  the  main  organs 
of  the  circulation.    This  second  arch  is  of^en  only  recognisable 
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with  great  difficulty,  as  its  parts  are  generally  much  modified, 
but  a  good  example  may  be  obtained  in  the  Mammalian 
thorax,  or  in  the  caudal  vertebra  of  a  Bony  Fish. 

The  hasmal  arch  in  the  case  of  the  thorax  (fig.  308,  B)  is 
formed  by  the  ribs  (rr)  and  the  costal  cartilages  (//),  and 
is  completed  in  front  by  the  breast-bone  or  sternum  (^),  which 
in  some  cases— but  not  in  man— develops  a  spine  (the  haemal 
spine)  which  corresponds  to  the  neural  spine  on  the  opposite 
aspect  of  the  vertebra. 

In  the  caudal  vertebra  of  a  Bony  Fish  (fig.  309),  on  the  other 
hand,  the  centrum  (c)  not  only  gives  off  two 
neursd  arches  (na)  from  its  dorsal  aspect,  but 
also  develops  a  pair  of  haemal  arches  (Aa) 
from  its  ventral  side.  The  neural  arches 
enclose  a  neural  canal,  in  which  is  contained 
the  spinal  cord,  while  the  backward  continua- 
tion of  the  systemic  aorta  is  contained  in  the 
canal  formed  by  the  haemal  ^ches.  Each 
pair  of  arches,  further,  develops  a  spinous 
process  —  the  "neural  spine"  and  "hsemal 
spine." 

It  follows  from  the  above,  that  the  typical 
vertebra  consists  of  a  central  piece  or  body 
from  which  two  arches  are  given  off,  one  of 
which  protects  the  great  masses  of  the  ner- 
vous system,  and  is  therefore  said  to  be  "  neu- 
ral"; whilst  the  other  protects  the  main 
organs  of  the  circulation,  and  is  therefore 
said  to  be  "haemal."  The  correspondence 
of  the  typical  bony  segment  or  vertebra  with 
the  doubly  tubular  structure  of  the  body  in  all 
Vertebrates  is  thus  too  obvious  to  require  to 
be  specially  pointed  out. 

As  a  general  rule,  the  vertebral  column  is 

G^rShlrW^^-  ^^^sible  into  a  number  of  distinct  regions, 

trum;%a  Neur^  of  which  the  following  are  recognisable  in 

^m;  hL  hSJJS  "^^  ^^^  ^^  ^^^  higher  Vertebrata:  i.  A  series 

arch ;'  ks  Haanai  of  vertcbrse  which  compose  the  neck,  and 

2?  p*ricJ^e^*^    constitute  the  "  cervical  region  "  of  the  spine 

(fig.  310,  c).     2.  A  number  of  vertebrae  which 

usually  carry  well  -  developed   ribs,  and  form   the  ^Morsal 

region "  {d).     3.  A  series  of  vertebrae  which  form  the  region 

of  the  loins,  or  "lumbar  region"  (/).     4.  A  greater  or  less 

number  of  vertebrae  which  constitute  the  "  sacral  region,"  and 

are  usually  amalgamated  or  "anchylosed"  together  to  form 


FSg.  309.— One  of  the 
caudal  vertebrae  of 
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a  single  boiie,  the  **  sacrum."    5.  The  spinal  column  is  com- 
pleted by  a  variable  number  of  vertebrae  which  constitute  the 
"  caudal "  region,  or  tail  (/). 
The  bony  or  cartilaginous  case  in  which  the  brain  is  con- 


Fig.  3xo.^Skeieton  of  an  Armadillo,  showing  the  regions  of  the  vertebral  column,  c 
Cervical  re^on  ;  d  Dorsal  region  ;  /  Lumbar  region  ;  s  Sacral  region  ;  /  Caudal 
region  or  tail. 

tained  is  known  as  the  "  cranium,"  and  is  wanting  in  no  other 
Vertebrates  except  the  Lancelet.  In  addition  to  the  brain- 
case  proper,  the  "  skull "  is  composed  in  part  of  the  bony  or 
cartilaginous  capsules  which  enclose  and  protect  the  organs  of 
hearing,  sight,  and  smell;  while  to  its  inferior  surface  are 
usually  appended  the  visceral  arches,  of  which  the  mandible 
and  hyoid  arch  alone  persist  in  the  higher  Vertebrates.  The 
cranium  may  be  regarded  as  formed  of  three  or  four  principal 
segments,  which  have  been  regarded  by  high  authorities  as 
homologous  with  vertebrae. 

The  segments  usually  recognised  in  the  skull  are  the  following,  from 
behind  forwards  :— 

(i)  The  occipital  segment,  formed  of  the  basi-occipital  inferiorly,  the 
exoccipitais  laterally,  and  the  supra-occipital  above,  the  whole  surrounding 
the  **  foramen  magnum/*  througn  which  the  spinal  cord  becomes  connected 
with  the  brain.  The  elements  of  the  occipital  segment  may  be  separate, 
or  may  be  united  to  form  a  single  bone  (the  ''occipital  bone"  of  human 
anatomy). 

(2)  The  parietal  segment,  consisting  of  the  basi-sphenoid  inferiorly,  the 
alisphenoids  laterally,  and  the  parietal  bones  above. 

The  auditory  capsule  is  wedged  in  between  the  occipital  and  parietal 
segments,  and  the  bones  which  are  ordinarily  developed  in  its  walls  may 
remain  separate,  or  may  be  combined  to  form  a  smgle  mass  (the  "  temporal 
bone  "  of  human  anatomy). 

(3)  The  frontal  segment,  consisting  of  the  presphenoid  inferiorly,  the 
orbitosphenoids  laterally,  and  the  frontal  bones  superiorly. 

(4)  The  mesethmoid,  or  central  ossification  of  the  ethmoid  bone,  may  be 
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regarded  as  representing  a  fourth  segment  On  each  side  of  this  are  placed 
the  nasal  sacs,  separated  from  one  another  by  the  mesethmoid  and  vomer, 
roofed  by  the  nasal  bones,  and  bounded  laterally  by  the  pterygoids, 
maxillae,  prsemaxillse,  and  lachrymal  bones. 

The  **jugal"  (or  "malar"  bone  of  human  anatomy)  is  the  bone  which    , 
connects  the  temporal  bone  with  the  maxilla. 

The  lower  jaw  or  "mandible"  of  Vertebrates  is  composed 
of  two  halves  or  "  rami,"  which  are  united  to  one  another  in 
front,  and  articulate  separately  with  the  skull  behind.  The 
two  rami  are  very  variously  connected  with  one  another,  being 
sometimes  only  joined  by  ligaments  and  muscles,  sometimes 
united  by  cartilage  or  by  bony  suture,  or  sometimes  fused  or 
anchylosed  with  one  another  so  as  to  leave  no  evident  traces 
of  their  true  composition.  In  the  Mammals,  each  ramus  con- 
sists only  of  a  single  piece  (the  "dentary"  bone).  In  the 
lower  Vertebrates,  on  the  other  hand,  each  ramus  of  the  man- 
dible consists  of  more  than  one  piece,  typically  of  six  pieces 
(fig.  311),  united  to  one  another  by  sutures.     In  the  lower 


sy 

Fig.  31 1.— The  left  ramus  of  the  lower  jaw  oi  a  Crocodile,  viewed  from  the  inner  side 
Rafter  Cuvier).  d  "Dentary"  bone;  x  *' Splenial  "  bone;  co  "Coronoid";  an 
"Angular";  su  "Surangular" ;  ar  "Articular";  sy  Symphysis,  or  surface  of 
junction  with  the  right  ramus. 

Vertebrates,  also,  the  mandible  articulates  with  the  skull,  not 
directly,  but  by  the  intervention  of  a  special  bone  known  as  the 
quadrate  bone  (ps  quadratuni).  This,  in  turn,  may  be  joined 
directly  with  the  temporal  element  of  the  skull,  or  may  be 
separated  from  the  latter  by  one  or  more  bones,  the  whole 
constituting  the  "  suspensorium  "  of  the  jaw.  In  Mammals,  on 
the  other  hand,  the  mandible  articulates  directly  with  the 
temporal  element  of  the  skull,  the  quadrate  taking  no  part  in 
its  articulation,  but  being  converted  into  one  of  the  small 
bones  ("malleus")  of  the  internal  ear. 

As  regards  the  limbs  of  Vertebrates,  whilst  many  differences 
exist  which  will  be  afterwards  noticed,  there  is  a  general 
agreement  in  the  parts  of  which  they  are  composed.  As  a 
rule,  each  pair  of  limbs  is  joined  to  the  trunk  by  means  of  a 
series  of  bones  which  also  correspond  to  one  another  in  general 
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Structure.  The  fore-limbs,  often  called  the  "  pectoral "  limbs, 
are  united  with  the  trunk  by  means  of  a  bony  or  cartilaginous 
arch,  which  is  called  the  "  pectoral "  or  "  scapular  "  arch ;  whilst 
the  hind-limbs  (or  "  pelvic  limbs  ")  are  similarly  connected  with 
the  trunk  by  means  of  the  "  pelvic  arch."  In  giving  a  general 
description  of  the  parts  which  compose  the  limbs  and  their 
supporting  arches,  it  will  be  best  to 
take  the  case  of  a  Mammal,  and  the 
departures  from  this  type  will  then  be 
readily  recognised. 

The  pectoral  or  scapular  arch  consists 
usually  of  three  bones,  the  "scapula" 
or  shoulder-blade,  the  "coracoid,"  and 
the  "clavicle"  or  collar-bone;  but  in 
the  great  majority  of  the  Mammals,  the 
coracoid  is  anchylosed  with  the  scapula, 
of  which  it  forms  a  mere  process.  The 
scapula  or  shoulder-blade  (fig.  312,  s) 
is  usually  placed  outside  the  ribs,  and 
it  forms,  either  alone  or  in  conjunction 
with  the  coracoidal  element  of  the 
shoulder-girdle,  the  cavity  with  which 
the  upper  arm  is  articulated.  The 
coracoid,  though  rarely  existing  as  a 
distinct  bone  in  the  Mammals,  plays 
a  very  important  part  in  other  Verte- 
brates, as  we  shall  see  hereafter.  The 
clavicles  are  often  wanting  or  rudimen- 
tary,^ and  they  are  the  least  essential 
elements  of  the  scapular  arch.  The 
fore-limb  proper  consists,  firstly,  of  a 
single  bone  which  forms  the  upper  arm 
(or"brachium"),  and  which  is  known  ''?fahi;;;^ee?af!'^^^^^^ 
as  the  humerus  (fi).  This  articulates  c.  cuyicie ;  *  Scapula  or 
above  with  the  shoulder-girdle,  and  is 
followed  below  by  the  fore -arm  (or 
"  antibrachium  "),  which  consists  of  two 
bones  called  the  radius  and  ulna.  Of 
these  the  radius  is  chiefly  concerned  with  carrying  the 
hand  (or  "manus").  The  radius  and  ulna  are  followed 
by  the  bones  of  the  wrist,  which  are  usually  composed  of 
several  bones,  and  constitute  what  is  called  the  carpus  (d). 
These  support  the  bones  of  the  root  of  the  hand,  which 
vary  in  number,  but  are  always  more  or  less  cylindrical  in 
shape.    They  constitute  what  is  called  the  metacarpus.    The 


shoulder-blade;  h  Humerus; 
r  Radius ;  u  Ulna;  d  Bones 
of  the  wrist,  or  carpus ;  m 
Metacarpus;  p  Phalanges  of 
the  fingers. 
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bones  of  the  metacarpus  carry  the  digits,  which  also  vary 
in  number,  but  are  composed  each  of  from  two  to  three 
cylindrical  bones,  which  are  known  as  the  phalanges  (/). 

Homologous  parts  are,  as  a  rule,  readily  recognisable  in  the 
hind-limb.  The  pelvic  arch,  by  which  the  hind-limb  is  united 
with  the  trunk,  consists  of  three  pieces — the  Uium^  ischium^ 
and  ptibes — which  are  usually  anchylosed  to- 
gether, and  form  conjointly  what  is  known 
as  the  innominate  bone  (fig.  313,  t).  In  most 
Mammals,  the  two  innominate  bones  unite  in 
front  by  ligamentous  or  cartilaginous  union, 
and  they  constitute,  with  the  sacrum,  what  is 
known  as  the  pelvis.  The  hind-limb  proper 
consists  of  the  following  parts  : — i.  The  thigh- 
bone or  femur^  corresponding  with  the  hu- 
merus in  the  fore-limb.  2.  The  bones  of  the 
shank  (or  "cms"),  corresponding  with  the 
radius  and  ulna  of  the  fore-limb,  and  known 
as  the  tibia  and  fibula.  Of  these,  the  tibia  is 
mainly  or  altogether  concerned  in  carrying  the 
foot  (or  "  pes  "),  and  it  is  thus  shown  to  corre- 
spond to  the  radius,  whilst  the  fibula  corre- 
sponds to  the  ulna.  3.  The  small  bones  of 
the  ankle,  known  as  the  tarsus^  and  varying 
in  number  in  different  cases.  4.  A  variable 
number  of  cylindrical  bones  (normally  five), 
which  are  called  the  metatarsus^  and  which 
correspond  to  the  metacarpus.  5.  Lastly,  the 
metatarsus  carries  the  digits,  which  consist  of 
from  two  to  three  small  bones  or  phalanges^  as 
3«.  — Pelvic  in  the  fore-limb, 
of  ^  &^      The  digesHve  system  of  Vertebrates  wiU  be 


> 


limb 


fafter  .Owen),    t  spoken  of  at  greater  length  hereafter :  but  a 

Innominate  bone;    ^.   ^,^,  °,  .        °,  r^i.  i 

/Femur  or  thigh,  brief  sketch  may  be  given  here  of  the  general 
F?bSiafrT^i»'  phenomena  of  digestion.     All  Vertebrate  ani- 
«r  Mctatarsxw ;  /  mals  are  provided  with  a  mouth  for  the  recep- 
toes.*"***  °  *  *  tion   of  food,   and  in   the  great  majority  of 
cases  the  mouth  is  furnished  with  teeth^  which 
are  used  sometimes  merely  to  hold   the   prey,   but    more 
commonly  to  cut  and  bruise  the  food,  and  thus  render  it 
capable  of  digestion.     The  food  is  also  generally  subjected 
in  the  mouth  to  the  action  of  "  salivary "  glands  (wanting  in 
Fishes),  the  secretion  of  which  serves  Jnot  only  to  moisten  the 
food,  and  thus  mechanically  assist  deglutition,  but  also  to  ren- 
der soluble  the  starchy  elements  of  the  food.     The  food  is 
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next  swallowed,  or,  in  other  words,  is  transferred  from  the 
mouth  to  the  stomach,  this  being  e£fected  by  a  complicated 
arrangement  of  muscles,  whereby  the  food  is  forced  down  the 
gullet  {(Esophagus)  to  the  proper  digestive  cavity  or  stomach. 
In  the  stomach  (fig.  314,  s)  the  food  is  subjected  to  two  sets  of 
actions;  it  is  mechanically  triturated 
and  ground  down  by  the  constant 
contractions  of  the  muscular  walls 
of  the  stomach;  and  it  is  subjected 
to  the  chemical  action  of  a  special 
fluid  secreted  by  the  stomach,  and 
called  the  "gastric  juice."  This 
fluid  has  the  power  of  reducing 
albuminoid  substances  to  a  soluble 
form,  and  by  its  action  the  food  is 
ultimately  reduced  to  a  thick  acid 
fluid,  caUed  the  "chyme."  Leav- 
ing the  stomach  by  its  lower  dc^tx- 
ture(the/>'^r«j),  the  chyme  passes 
into  the  intestine,  the  first  portion 
of  which  is  divided  into  several 
sections,  but  is  collectively  known 
as  the  "  small  intestine."  Here  the 
chyme  is  subjected  to  the  action 
of  three  other  digestive  fluids ;  the 
biUy  secreted  by  a  special  organ, 
the  liver ;  the  pancreatic  juice,  se- 
creted by  another  gland,  the  pan- 
creas; and  the  intestinal  juice^  se- 
creted by  certain  glands  situated  Fig.  314. 
in  the  mucous  membrane  of  the     Jl\"Xach;  ,^  smaii  fntcsUne; 

intestine   itself.       The   result   of  the        '««  LarS[e  intestine;   r  Rectum, 

whole  process  is  that  the  "  chyme  "  iTn™!""""*^ '"  '^*  *^''""  °'  ^* 
is  ultimately  converted  into  a  white, 

alkaline,  milky  fluid,  which  is  called  "chyle."  The  indi- 
gestible portions  of  the  food  pass  from  the  small  intestine 
into  a  tube  of  larger  dimensions,  called  the  "large  intes- 
tine." Such  portions  of  the  food  as  are  still  soluble,  and 
capable  of  being  employed  in  nutrition,  are  here  taken  up 
into  the  blood,  the  useless  remainder  being  ultimately  expelled 
by  an  anal  aperture.  The  last  portion  of  the  large  intestine 
is  usually  less  convoluted  than  the  rest,  and  is  called  the 
"  rectum." 

The  fluid  and  originally  soluble  portions  of  the  food,  and 
the  chyle  which  is  formed  in  the  process  of  digestion,  are  taken 


-Diagram  of  the  digestive 
system  of  a  Mammal.    ^  Gullet ; 
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into  the  blood,  the  losses  of  which  they  serve  to  repair.  Part 
of  the  nutritive  materials  of  the  food  is  taken  up  directly  by 
the  blood-vessels,  and  is  conveyed  by  the  "  vena  portae  "  to  the 
liver,  whence  it  ultimately  reaches  the  great  veins  which  go  to 
the  heart.  The  greater  part,  however,  of  the  liquefied  food, 
constituting  the  chyle,  is  taken  up,  not  by  the  blood-vessels, 
but  by  a  special  set  of  tubes,  which  form  a,  network  in  the 
walls  of  the  intestine,  and  are  known  as  the  "  lacteals."  In 
these  vessels,  and  in  certain  glands  which  are  developed  upon 
them,  the  chyle  undergoes  still  further  elaboration,  and  is  made 
more  similar  in  composition  to  the  blood  itself.  All  the  lacteal 
vessels  ultimately  unite  into  one  or  more  large  vessels  which 
open  into  one  of  the  veins,  so  that  all  the  chyle  is  thus  finally 
added  to  the  mass  of  the  circulating  blood. 

The  bloody  then,  or  nutrient  fluid  from  which  the  tissues  are 
built  up,  is  formed  in  this  way  out  of  the  materials  which  are 
taken  into  the  alimentary  canal  as  food.  In  all  the  Vertebrata, 
with  exception  of  the  Lancelet  i^Amphioxus)  and  of  one  or  two 
oceanic  fishes  (e.g.^  Leptocephalus\  the  blood  is  of  a  red  colour 
when  viewed  in  mass.  This  is  due  to  the  presence  in  it  of  an 
incredible  number  of  microscopical  bodies,  which  are  known 
as  the  "  blood-corpuscles,"  the  fluid  in  which  these  float  being 
itself  colourless  (fig.  315). 


t.^    Jf'    <^«    <s)  %-<> 


Fig.  3i5«— Blood-corpuscles  of  Vertebrata.    a  Red  blood-discs  of  man;  b  Blood- 
discs  of  Goose;  c  Crocodile;  d  Frog;  e  Skate. 

In  all  the  Vertebrata  the  blood  is  distributed  through  the 
body  by  means  of  a  system  of  closed  tubes,  which  constitute 
the  "blood-vessels";  and  in  all  except  the  Lancelet,  the  means 
of  propulsion  are  derived  from  a  contractile  muscular  cavity 
or  "heart,"  furnished  with  valvular  apertures.  In  the  most 
complete  form  of  circulation,  as  seen  in  Birds  and  Mammals, 
the  heart  is  essentially  a  double  organ,  composed  of  two 
halves,  each  of  which  consists  of  two  cavities,  an  auricle  and 
a  ventricle.  The  right  side  of  the  heart  is  wholly  concerned 
with  the  "lesser"  or  pulmonary  circulation,  whilst  the  left 
side  is  concerned  with  driving  the  blood  to  all  parts  of  the 
body  (systemic  circulation).  The  modifications  of  the  circula- 
tory process  will  be  noticed  in  speaking  of  the  different  classes 
of  Vertebrates,  but  a  brief  sketch  may  be  given  here  of  the 
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circulation,  in  its  most  complete  form,  as  in  a  Mammal.  In 
such  a  case,  the  vertous  or  impure  blood,  which  has  circulated 
through  the  body  and  has  parted  with  its  oxygen,  is  returned 
by  the  great  veins  to  the  right  auricle.  From  the  right  auricle 
(fig.  316,  tf)  the  blood  passes  by  a  valvular  aperture  into  the 
right  ventricle  (v),  whence  it  is  driven 
through  the  pulmonary  artery  to  the 
lungs.  The  right  side  of  the  heart  is 
therefore  wholly  respiratory  in  its  func- 
tion. Having  been  submitted  to  the 
action  of  the  lungs,  and  having  given 
off  carbonic  acid  and  taken  up  oxygen, 
the  blood  now  becomes  arterial,  and 
is  returned  by  the  pulmonary  veins  to 
the  left  auricle  {a').  From  the  left  au- 
ricle the  aerated  blood  passes  through 
a  valvular  aperture  into  the  left  ven- 
tricle (v')y  whence  it  is  propelled  to  all 
parts  of  the  body  by  means  of  a  great 
systemic  vessel,  the  "  aorta."  The  left 
side  of  the  heart  is  therefore  wholly 
occupied  in  carrying  out  the  "greater" 
or  systemic  circulation. 

The  purification  of  the  blood  is  car- 
ried out  in  all  Vertebrates  by  means  of 
distinct  respiratory  organs,  assisted  to 
a  greater  or  less  extent  by  the  skin. 
In  the  Fishes,  and  in  the  Amphibians 
to  some  extent,  the  process  of  respira- 
tion is  carried  on  by  means  of  branchice 
or  gills — that  is,  by  organs  adapted 
for  breathing  air  dissolved  in  water. 
These  are  therefore  often  spoken  of  as 
"  Branchiate  "  Vertebrates  ;  but  the 
Amphibians  always  develop  true  lungs 
in  the  later  stages  of  their  existence. 
In  the  Reptiles,  Birds,  and  Mammals,  branchiae  are  never 
developed,  and  the  respiration  is  always  carried  on  by  means 
of  true  lungs — that  is,  by  organs  adapted  for  breathing  air 
directly.  These  are  therefore  often  spoken  of  as  the  "  Abran- 
chiate "  Vertebrates. 

The  waste  substances  of  the  body — of  which  the  most  im- 
portant are  water,  carbonic  acid,  and  urea — are  got  rid  of  by 
the  skin,  lungs,  and  kidneys.  Under  ordinary  circumstances, 
the  lungs  are  mainly  occupied  with  the  excretion  of  carbonic 


Fig.  316. — Diagram  of  the  cir- 
culation of  a  Mammal.  The 
venous  system  is  marked 
black  ;  the  arterial  system  is 
left  white,  a  Right  auricle : 
V  Right  ventricle  ;  /  Pulmo- 
nary artery,  carrying  venous 
blood  to  the  lungs :  pv  Pulmo- 
nary veins,  carrying  arterial 
blood  from  the  lungs ;  a'  Left 
auricle ;  1/  Left  ventricle ;  b 
Aorta,  carrying  arterial  blood 
to  the  body;  c  Vena  cava, 
carrying  venous  blood  to  the 
heart. 
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acid  and  watery  vapour.  The  skin  chiefly  gets  rid  of  super- 
fluous moisture,  but  can  also  in  many  animals  excrete  carbonic 
acid  as  well.  The  kidneys  are  present  in  almost  all  Vertebrate 
animals,  and  their  function  is  mainly  to  excrete  water  and  the 
nitrogenous  substance  known  as  urea.  In  the  majority  of 
cases  the  fluid  excreted  by  the  kidneys  is  conveyed  to  the 
exterior  by  means  of  two  tubes  known  as  the  ureters,  which 
empty  themselves  into  a  common  receptacle,  the  urinary  blad- 
der. In  some  cases,  however,  the  ureters  open  along  with  the 
termination  of  the  alimentary  canal. 

The  nervous  system  of  Vertebrate  animals  usually  exhibits 
a  well-marked  division  into  two  parts — ^the  cerebro-spinal  sys- 
tem, and  the  sympathetic  system.  The  cerebro-spinal  system 
of  nerves  constitutes  the  great  mass  of  the  nervous  system  of 
Vertebrates,  and  usually  exhibits  a  well-marked  separation 
into  spinal  cord  (myelon)  and  brain  (mcephalan).  The  propor- 
tion borne  by  the  brain  to  the  spinal  cord  differs  much  in  dif- 
ferent cases ;  and  in  the  Lancelet  a  brain  can  hardly  be  said 
to  be  present  at  all.  As  already  said,  the  brain  and  spinal 
cord  are  always  completely  shut  off  from  the  visceral  cavity, 
and  they  are  placed  upon  the  dorsal  surface  of  the  body.  The 
nerves  given  off  from  the  cerebro-spinal  axis  are  symmetrically 
disposed  on  the  two  sides  of  the  body,  and  they  are  mainly 
concerned  with  the  functions  of  "  animal "  life — that  is  to  say, 
with  sensation  and  locomotion.  The  sympathetic  system  of 
nerves  is  unsymmetrically  disposed  to  a  greater  or  less  extent, 
and  presides  mainly  over  the  functions  of  "organic"  or  "vege- 
tative "  life,  being  chiefly  concerned  with  regulating  the  func- 
tions of  digestion  and  respiration,  and  the  circulation  of  the 
blood.  In  its  most  fully  developed  form  it  consists  of  a  double 
gangliated  cord  placed  in  the  visceral  cavity  on  the  under  sur- 
face of  the  spine,  and  of  a  series  of  nervous  ganglia,  united  by 
nervous  cords,  and  scattered  chiefly  over  the  great  viscera  of 
the  thorax  and  abdomen. 

The  organs  of  the  senses  are  well  developed  in  the  Vertebrata, 
and  those  appropriated  to  the  senses  of  sight,  hearing,  smell, 
and  tcLste  are  protected  within  bony  cavities  of  the  head.  The 
perfection  of  the  senses  differs  much  in  different  cases,  but  they 
are  probably  never  wholly  wanting  in  any  Vertebrate  animal 
There  are  cases  in  which  vision  must  be  of  the  most  rudimen- 
tary character ;  but  even  in  these  cases  it  is  probable  that  there 
is  a  perception  of  light,  even  if  there  is  no  power  of  distinguish- 
ing objects.  The  only  cases  in  which  it  would  appear  that 
vision  is  really  altogether  absent,  are  those  of  animals  placed 
under  the  wholly  abnormal  condition  of  spending  their  exist- 
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ence  in  darkness  (such  as  the  Proteus  anguinus  of  the  caves  of 
Illyria).  Smell,  hearing,  and  taste  are  probably  rarely,  if  ever, 
altogether  absent  in  Vertebrates ;  though  in  many  cases  their 
organs  are  very  rudimentary.  Touch,  or  "tactile  sensibility," 
is  usually  possessed  to  a  greater  or  less  degree  by  the  entire 
surface  of  the  body;  but  the  sense  of  touch  is  generally  localised 
in  certain  particular  parts,  such  as  the  appendages  of  the  mouth, 
the  lips,  the  tongue,  or  the  digits. 

In  all  Vertebrata  without  exception  reproduction  is  carried 
on  by  means  of  the  sexes,  and  in  all  (except  in  some  of  the 
SerranidcR  among  the  Fishes)  the  sexes  are  in  diflferent  indivi- 
duals. No  Vertebrate  animal  possesses  the  power  of  reproduc- 
ing itself  by  fission  or  gemmation  ;  and  in  no  case  are  compo- 
site organisms  or  colonies  produced.  Most  of  the  Vertebrates 
are  oviparotts — that  is  to  say,  the  <yoa  are  expelled  from  the 
body  of  the  parent  either  before  or  very  shortiy  after  impreg- 
nation. In  other  cases,  the  eggs  are  retained  within  the  body 
of  the  parent  until  the  young  are  hatched,  but  no  direct  con- 
nection is  formed  between  the  foetus  and  the  mother,  and  in 
these  cases  the  animals  are  said  to  be  ovo-viviparous.  In  other 
cases,  again,  not  only  is  the  egg  hatched  within  the  parent,  but 
the  embryo  is  retained  within  the  body  of  the  mother,  from 
whom  it  receives  nourishment  by  indirect  vascular  connection, 
until  its  development  has  been  carried  out  to  a  greater  or  less 
extent ;  and  these  animals  are  said  to  be  viviparous. 

Many  Vertebrate  animals  possess  an  exoskeldon,  formed  by 
a  hardening  of  one  or  other  layer  of  the  integument.  The 
integument  is  composed  of  two  layers — an  external  non-vas- 
cular "  epidermis,"  and  a  deeper  vascular  "  dermis  " — and  the 
exoskeleton  may  be  formed  by  the  deposition  of  homy  matter, 
or  of  salts  of  lime,  in  either  or  in  both  of  these.  The  epider- 
mal exoskeleton  is  always  homy,  and,  when  present,  is  gener- 
ally in  the  form  of  hairs  {Mammalia)^  feathers  (Birds),  scales 
(Serpents  and  many  Lizards),  or  plates  (Chelonians).  The 
homy  sheaths  of  the  jaws  in  Birds  and  some  Reptiles,  the 
outer  covering  of  the  horns  in  some  Mammals,  the  hoofs, 
claws,  and  nails  of  Mammalia^  are  likewise  epidermic.  The 
dermal  exoskeleton  may  be  either  homy  or  bony ;  and  good 
examples  of  it  are  to  be  found  in  the  scales  of  Fishes,  the 
bony  scutes  of  the  Crocodiles,  and  the  armour-plates  of  the 
Armadillos. 

Divisions  of  the  Vertebrata. — ^The  sub-kingdom  Verte- 
brata is  divided  into  the  five  great  classes  of  the  Fishes  {Pisces), 
Amphibians  {Amphibia\  Reptiles  {Reptilia\  Birds  (Aves\  and 
Mammals  {Mammalia).    So  far  there  is  perfect  imanimity; 
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but  when  it  is  inquired  into  what  larger  sections  the  Vertebrata 
may  be  divided  there  is  much  difference  of  opinion.  Here, 
the  divisions  proposed  by  Professor  Huxley  will  be  adopted ; 
but  it  is  necessary  that  those  employed  by  other  writers  should 
be  mentioned  and  explained. 

One  of  the  commonest  methods  of  classifying  the  Verte- 
brata is  to  divide  them  into  the  two  primary  sections  of  the 
Branchiata  and  Abranchiata.  Of  these,  the  Branchiate  sec- 
tion includes  the  Fishes  and  Amphibians,  and  is  characterised 
by  the  fact  that  the  animal  is  always  provided  at  some  period 
of  its  life  with  branchiae  or  gills.  The  Abranchiate  section 
includes  the  Reptiles,  Birds,  and  Mammals,  and  is  character- 
ised by  the  fact  that  the  animal  is  never  provided  at  any  time 
of  its  life  with  gills.  Additional  characters  of  the  Branchiate 
Vertebrates  are,  that  the  embryo  is  not  furnished  with  the 
structures  known  as  the  amnion  and  allantois.  Hence  the 
Branchiate  Vertebrates  are  often  spoken  of  as  the  Anamniota 
and  as  the  Anallantoidea,  In  the  Abranchiate  Vertebrates, 
on  the  other  hand,  the  embryo  is  always  provided  with  an 
amnion  and  allantois,  and  hence  this  section  is  spoken  of  as 
the  Amniota  or  as  the  Allantoidea* 

By  Professor  Owen  the  Vertebrata  are  divided  into  the  two 
primary  sections  of  the  Hcematocrya  and  the  Hcematotherma^ 
the  characters  of  the  blood-system  being  taken  as  the  distinc- 
tive feature.  The  Hcematocrya  or  Cold-blooded  Vertebrates 
comprise  the  Fishes,  Amphibia,  and  Reptiles,  and  are  charac- 
terised by  their  cold  blood  and  imperfect  circulation.  The 
Hcematotherma  or  Warm-blooded  Vertebrates  comprise  the 
Birds  and  the  Mammals,  and  are  characterised  by  their  hot 
blood,  four-chambered  heart,  and  complete  separation  of  the 
pulmonaiy  and  systemic  circulations.  The  chief  objection  to 
this  division  lies  in  the  separation  which  is  effected  between 
the  Reptiles  and  the  Birds,  two  classes  which  are  certainly  very 
nearly  allied  to  one  another. 

*  The  ammon  is  a  membranous  sac,  containing  a  fluid — the  liquor  amnii 
— and  completely  enveloping  the  embryo.  It  constitutes  one  of  the  so- 
called  '*  fcetal  membranes,"  and  is  thrown  off  at  birth.  The  allantois  is  an 
embryonic  structure,  which  is  developed  out  of  the  middle  or  "vascular" 
layer  of  the  blastoderm.  It  appears  at  first  as  a  solid,  pear-shaped,  cellular 
mass,  arising  from  the  under  part  of  the  body  of  the  embryo.  In  the  pro- 
cess of  development,  the  allantois  increases  largely  in  size,  and  becomes 
converted  into  a  vesicle  which  envelops  the  embryo  in  part  or  wholly.  It 
is  abundantly  supplied  with  blood,  and  is  the  organ  whereby  the  blood  of 
the  foetus  is  aerated.  The  part  of  the  alUntois  which  is  external  to  the 
body  of  the  embryo  is  cast  off  at  birth  ;  but  the  portion  which  is  within  the 
body  is  retained,  and  is  converted  into  the  urinary  bladder. 


VERTEBRATA:  LITERATURE.  53 1 

By  Professor  Huxley  the  Vertebrata  are  divided  into  the 
following  three  primary  sections  : — 

I.  IcHTHYOPSiDA. — This  section  comprises  the  Fishes  and 
the  Amphibians,  and  is  characterised  by  the  presence  at  some 
period  of  life  of  gills  or  branchiae,  the  absence  of  an  amnion, 
the  absence  or  rudimentary  condition  of  the  allantois,  and  the 
possession  of  nucleated  red  blood-corpuscles. 

II.  Sauropsida. — This  section  comprises  the  Birds  and  the 
Reptiles,  and  is  characterised  by  the  constant  absence  of  gills, 
the  possession  of  an  amnion  and  allantois,  the  articulation  of 
the  skull  with  the  vertebral  column  by  a  single  occipital  con- 
dyle ;  the  composition  of  each  ramus  of  the  lower  jaw  of  seve- 
ral pieces,  and  the  articulation  of  the  lower  jaw  with  the  skull 
by  the  intervention  of  an  "  os  quadratum " ;  and,  lastly,  the 
possession  of  nucleated  red  blood-corpuscles. 

III.  Mammalia. — This  section  includes  the  single  class  of 
the  Mammals,  and  agrees  with  the  preceding  in  never  possess- 
ing gills,  and  in  having  an  amnion  and  allantois.  The  Mam- 
tnalia^  however,  diflfer  from  the  Sauropsida  in  the  fact  that  the 
skull  articulates  with  the  vertebral  column  by  two  occipital 
condyles ;  each  ramus  of  the  lower  jaw  is  simple,  composed  of 
a  single  piece,  and  the  lower  jaw  is  united  with  the  temporal 
(squamosal)  element  of  the  skull,  and  is  not  articulated  to  a 
quadrate  bone.  There  are  special  glands — the  mammary 
glands  —  for  the  nourishment  of  the  young  for  a  longer  or 
shorter  period  after  birth,  and  the  red  blood-corpuscles  are 
non-nucleated. 
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CHAPTER   XLVII. 


CLASS     I.^P  IS  C  E  S. 

The  first  class  of  the  Vertebrata  is  that  of  the  Fishes  {Pisces)^ 
which  may  be  broadly  defined  as  including  Vertebrate  animals 
which  are  provided  with  gills  throughout  the  whole  of  life  ;  the 
hearty  when  present^  consists  (except  in  Dipnoi)  of  a  single  auricle 
and  a  single  ventricle;  the  blood  is  cold ;  the  limbs,  when  present ^ 
are  in  the  form  offins^  or  expansions  of  the  integument ;  and  there 
is  neither  an  amnion  nor  allantois  in  the  embryo^  unless  the  latter 
is  represented  by  the  urinary  bladder. 

In  form,  fishes  are  adapted  for  rapid  locomotion  in  water, 
the  shape  of  the  body  being  such  as  to  give  rise  to  the  least 
possible  friction  in  swimming. 
To  this  end  also,  as  well  as  for 
purposes  of  defence,  the  body  is 
usually  covered  with  a  coating 
of  scales  developed  in  the  in- 
ferior or  dermal  layer  of  the 
skin ;  whereas  the  epidermis  is 
represented  only  by  the  slimy 
mucus  covering  the  exterior  of 
the  animal.  The  more  impor- 
tant modifications  in  the  form 
of  these  dermal  scales  are  as 
follows :  I.  Cycloid  scales  (fig. 
317,  a\  consisting  of  thin,  flex- 
ible, homy  or  bony  scales,  cir- 
cular or  elliptical  in  shape,  and 
having  a  more  or  less  completely 
smooth  outline.  These  are  the 
scales  which  are  characteristic  of 
the  most  of  the  ordinary  Bony  Fishes. 


ig.  317. — Scales  of  different  fishes,  a 
Cycloid  scale  (Pike) ;  b  Ctenoid  scale 
(Perch) ;  c  Placoid  scale  (Thomback) ; 
d  Placoid  scale  of  Rhina ;  e  Ganoid 
scales  iPaUtaniscuiy, 


II.  Ctenoid  vs^t&  (fig. 


534 


MANUAL  OF  ZOOLOGY. 


317,  b\  also  consisting  of  thin  homy  plates,  but  having  their 
posterior  margins  fringed  with  spines,  or  cut  into  comb-like 
projections.  III.  Ganoid  scales,  composed  of  an  inferior  layer 
of  bone,  covered  by  a  superficial  layer  of  hard  polished  en- 
amel (the  so-called  "ganoine").  These  scales  (fig.  317,  ^)  are 
usually  much  larger  and  thicker  than  the  ordinary  scales,  and 
though  they  are  often  articulated  to  one  another  by  special 
processes,  they  only  rarely  overlap.  IV.  Placoid  scales,  con- 
sisting of  detached  bony  or  dentinal  grains,  tubercles,  or 
plates,  of  which  the  later  are  not  uncommonly  armed  with 
spines  (fig.  317,  ^  and  d). 

In  many  fishes  there  is  also  to  be  observed  a  line  of  peculiar 
scales,  forming  what  is  called  the  "lateral  line"  (fig.  318). 
Each  of  the  scales  in  this  line  is  perforated  by  a  tube  leading 
down  to  a  longitudinal  canal  which  runs  along  the  side  of  the 


Fig.  3x8.— Side-view  of  a  Teleostean  Fish  {Teutkis  nebulcsa)  showing  the  "  lateral  line  " 
(0 :  d  Front  portion  of  the  dorsal  fin,  with  hard  rays ;  d  Hinder  portion  of  the  dorsal 
nn,  with  soft  rays ;  c  Caudal  fin ;  a  Anal  fin ;  v  One  of  the  ventral  fins ;  /  One  of 
the  pectoral  fins ;  o  Operculum.    (After  Gfinther.) 

body,  and  is  continued  into  the  head.  Connected  with  the 
lateral  line  is  a  recurrent  branch  of  the  pneumogastric  nerve 
(sometimes  chiefly  derived  from  the  5th  nerve),  termed  the 
"  lateral  nerve."  This  runs  superficially  underneath  the  lateral 
line,  or  is  placed  deeply  between  the  lateral  muscles,  or  there 
may  be  both  a  deep  and  a  superficial  branch.  The  canals  of 
the  lateral  lines  have  ugually  been  believed  to  have  the  func- 
tion of  secreting  mucus,  and  high  authorities  still  adhere  to 
this  view.  The  system  is,  however,  richly  supplied  with  nerves, 
which  terminate  in  peculiar  sense-organs,  so  that  its  function 
is  probably  to  a  large  extent  sensory. 

As  regards  their  true  osseous  system  or  endoskeleton,  fishes 
vary  very  widely.     In  the  Lancelet  there  can  hardly  be  said  to 
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be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  persists  throughout  life.  In 
others  the  skeleton  remains  permanently  cartilaginous;  in 
others  it  is  partially  cartilaginous  and  partially  ossified ;  and, 
lastly,  in  most  modem  fishes  it  is  entirely  ossified,  or  converted 
into  bone.  Taking  a  Bony  Fish  (fig.  319)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  the  chief  points 
in  the  osteology  of  a  fish  which  require  notice : — 

The  vertebral  column  in  a  Bony  Fish  consists  of  vertebrae 
which  are  hollow  at  both  ends,  or  biconcave,  and  are  techni- 
cally said  to  be  "amphicoelous."  The  cup-like  margins  of  the 
vertebral  bodies  are  united  by  ligaments,  and  the  cavities 
formed  between  Contiguous  vertebrae  are  filled  with  the  gela- 
tinous remains  of  the  notochord.  This  elastic  gelatinous 
substance  acts  as  a  kind  of  ball-and-socket  joint  between  the 
bodies  of  the  vertebrae,  thus  giving  the  whole  spine  the  ex- 
treme mobility  which  is  requisite  for  animals  living  in  a  watery 
medium.  The  ossification  of  the  vertebrae  is  often  much  more 
imperfect  than  the  above,  but  in  no  case  except  that  of  the 
Bony  Pike  {Lepidosteus)  is  ossification  carried  to  a  greater 
extent  than  this.  In  this  fish,  however,  the  vertebral  column 
is  composed  of  "opisthocoelous"  vertebrae — that  is,  of  vertebrae 
the  bodies  of  which  are  concave  behind  and  convex  in  front. 
The  entire  spinal  column  is  divisible  into  not  more  than  two 
distinct  regions,  an  abdominal  and  a  caudal  region.  The  abdo- 
minal vertebrae  possess  a  superior  or  neural  arch  (through 
which  passes  the  spinal  cord),  a  superior  spinous  process 
(neural  spine),  and  two  transverse  processes  to  which  the  ribs 
are  usually  attached.  The  caudal  vertebrae  (fig.  319)  have  no 
marked  transverse  processes;  but,  in  addition  to  the  neural 
arches  and  spines,  they  give  off  an  inferior  or  hamal  arch 
below  the  body  of  the  vertebrae,  and  the  haemal  arches  carry 
inferior  spinous  processes  (haemal  spines). 

The  ribs  of  a  Bony  Fish  are  attached  to  the  transverse  pro- 
cesses, or  to  the  bodies  of  the  abdominal  vertebrae,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  vertebra  each,  and  that  only  at  a  single  point.  Unlike  the 
ribs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  embedded  in  the  muscles  which  bound 
the  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
which  is  directed  backwards  amongst  the  muscles.  Inferiorly 
the  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
mal ossifications  in  the  middle  line  of  the  abdomen ;  but  there 
is  never  any  breast-bone  or  sternum  properly  so  called. 

The  only  remaining  bones  connected  with  the  skeleton  of 
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the  trunk  are  the  so-called  tnterspinaus  bones^  or  "  intemeural " 
and  "  interhaemal "  bones  (fig.  319).  These  form  a  series  of 
dagger-shaped  bones,  plunged  in  the  middle  line  of  the  body 
between  the  great  lateral  muscles  which  make  up  the. greater 
part  of  the  body  of  a  fish.  The  internal  ends  or  points  of  the 
interspinous  bones  are  attached  by  ligament  to  the  points  of 
the  neural  and  haemal  spines  of  the  vertebrae ;  whilst  to  their 
outer  ends  are  articulated  the  "  rays  "  of  the  so-called  "  median  ** 
fins,  which  will  be  hereafter  described.  As  a  rule,  there  is  only 
one  interspinous  bone  to  each  neural  or  haemal  spine,  but  in 
the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  two. 

Besides  the  fins  which  represent  the  limbs  (pectoral  and 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  "  rays,'*  which  are  of  two  kinds,  termed  respectively  "  spinous 
rays"  and  "soft  rays."    The  "spinous  rays"  (fig.  319,  ^)  are 


Fig.  3x9. — Skeleton  of  the  common  Perch  {PercafluviatiUs\  a  Prsmaxilla ;  b  Maxilla ; 
c  Mandible;  d  Orbit;  e  Supra-occipital  bone;  y  Pncoperculum ;  ^/'Vertebral 
column ;  h  One  of  the  pectoral  fins ;  i  One  of  the  ventral  fins ;  k  First  dorsal  fin, 
with  spinous  rays ;  /  Second  dorsal  fin,  with  soft  rays ;  m  Anal  fin ;  mm'  Caudal  fin. 

simple  bony  spines,  apparently  composed  of  a  single  piece 
each,  but  really  consisting  of  two  halves  firmly  united  along 
the  middle  line.  The  "soft  rays"  are  composed  of  several 
slender  spines  proceeding  from  a  common  base,  and  all 
divided  transversely  into  numerous  short  pieces.  The  soft 
rays  occur  in  many  fishes  in  different  fins,  but  they  are  invari- 
ably found  in  the  caudal  fin  or  tail  (fig.  319,  «).  The  ra)rs  of 
the  median  fins,  whatever  their  character  may  be,  always 
articulate  by  a  hinge-joint  with  the  heads  of  the  interspinous 
bones. 

The  skull  of  the  Bony  Fishes  is  an  extremely  complicated 
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structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  operculum, 
and  the  hyoid  bone  with  its  appendages.  For  reasons  con- 
nected with  the  respiratory  process  in  fishes,  as  will  be  after- 
wards seen,  there  generally  exists  between  the  head  and  the 
scapular  arch  a  great  cavity  or  gap  on  each  side,  within  which 
are  contained  the  branchiae.  The  cavity  thus  formed  opens 
externally  on  each  side  of  the  neck  by  a  single  vertical  fissure 
or  "gill-slit,"  closed  by  a  broad  flap,  called  the  ** gill-cover"  or 
"  operculum,"  and  by  a  membrane  termed  the  "  brancliiostegal 
membrane." 

The  giU-cover  (fig.  320)  is  composed  of  a  chain  of  broad  flat  bones, 
termed  the  opercular  bones.  Of  these,  the  innermost,  or  most  anterior 
articulates  with  the  suspensorium  of  the  jaw,  and  is  called  the  * '  prae-oper- 


Fig.  320. — Side-view  of  the  skull  of  the  Cod  {GeulMS  utorrkMo).  ^  Pneoperculum ; 
o  Opercalum ;  to  Sub-operculum ;  U  Interoperculum ;  ch  Ceratohyal,  cairyine  the 
branchiosteeal  rays  ip)  behind,  and  articulating  superiorly  with  the  epihyafand 
inferiorly  with  the  basihyal  (below  the  basihyal  is  the  urohyal) ;  d  Dentary  portion  of 
the  mandible  -.pm  Praunaxilla ;  m  Maxilla,  without  teeth  :  /  Lachrymal ;  n  Nasal ; 
/  Frontal ;  so  Supra'OCcipital ;  q  Quadrate  ;  km  Hyomandibular ;  /r  Parasphenoid. 
(After  Owen.) 

culum  ";  the  next  is  a  large  bone  called  the  "  operculum  "  proper ;  and  the 
remaining  two  bones,  called  respectively  the  **  sub-operculum  "  and  "  inter- 
operculum,*' form,  with  the  operculum  proper,  the  edge  of  the  gill-cover, 
lliese  various  bones  are  united  together  by  membrane,  and  they  form  col- 
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lectively  a  kind  of  movable  door,  by  means  of  which  the  branchial  chamber 
can  be  alternately  opened  and  shut.  Besides  the  gill-cover,  however,  the 
branchial  chamber  is  closed  by  a  membrane  called  the  "branchiostegal  mem- 
brane," which  is  attached  to  the  os  hyoides«  The  membrane  is  supported 
and  spread  out  by  a  number  of  slender  curved  spines,  which  are  attached 
to  the  lateral  branches  of  the  hyoid  bone,  act  very  much  as  the  ribs  of  an 
umbrella,  and  are  known  as  the  ^*branchiosteeal  rays"  (fig.  320,  d). 

The  hyoid  arch  of  fishes  is  attached  to  the  mner  surface  of  the  hyoman- 
dibular  bones  by  means  of  two  slender  curved  bones,  which  form  the  top 
segment  of  the  hyoid,  and  are  termed  the  **  sty lohyal"  bones  (figs.  321, 
322,  sA),    Each  stylohyal  articulates  inferiorly  with  a  triangular  bone  known 
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Fig.  321.— Bisected  skull  of  the  Perch,  with  the  hyoid  arch,  branchial  arches,  and  pec- 
toral arch  on  one  side  (after  Cuvier).  sA  Stylohyal ;  ek  Epihyal ;  cA  Ceratohyal : 
&A  Basihyal ;  gA  Glossohyal ;  tth  Urohyal ;  da  Branchiostegal  rays ;  c6  Cerato- 
branchial ;  ei  Epibranchial ;  gr  One  of  the  "gill-rakers  "  of  the  first  branchial  arch ; 
/a  Parasphenoid  ;  so  Supra-occipital ;  pt  Post-temporal ;  sci  Supra-clavide ;  c/ Cla- 
vicle ;  /<:/  The  two  pieces  of  the  post-clavicle ;  sc  Scapula ;  cc  Coracoid. 

as  the  "epihyal"  {eA),  and  this  in  turn  is  joined  below  with  the  "cerato- 
hyal "  {cA),  which  is  the  longest  bone  in  the  hyoid  arch  on  each  side.  The 
central  portion  of  the  hyoid  arch  is  formed  by  a  pair  of  **  basihyal "  bones 
(M)  on  each  side,  these  being  small  polyhedral  bones  which  become  con- 
nected in  the  middle  line  with  their  fellows  on  the  opposite  side.  From 
the  point  of  union  of  the  basihvals  there  extends  forwards  into  the  tongue 
a  slender  azygous  "glossohyal  bone  [gA\  which  is  joined  behind  to  the 
first  of  the  so-called  "  basibranchial "  bones  (fig.  322,  ba).  The  glossohyal 
usually  bears  a  row  of  teeth,  which  project  into  the  floor  of  the  mouth. 
Extending  backwards  from  the  point  of  union  of  the  basihyals,  and  below 
the  line  of  basibranchial  bones,  is  a  vertically-compressed  bone  which  is 
known  as  the  "  urohyal "  (fig.  321,  uA),     The  urohyal  is  of  importance,  as 
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it  is  connected  behind  by  fibrous  tissue  with  the  point  of  union  of  the  right 
and  left  pectoral  arches,  and  it  thus  helps  to  form  the  isthmus  which  separ- 
ates the  two  sets  of  branchiae.  Lastly,  from  the  posterior  margin  of  the 
epihyal  and  ceratohyal  bones  on  each  side,  arise  the  slender  curved  bony 
spines  which  have  been  previously  spoken  of  as  "  branchiostegal  rays  "  (figs. 
321,  322,  bo).  The  function  of  these  is  to  support  the  "branchiostegal 
membrane,"  by  which  the  gill-slit  is  closed  below.  The  number  of  "  branchi- 
ostegal rays "  varies  greatly  in  the  Bony  Fishes,  but  is  usually  seven  on 
each  side  (twelve  in  the  Salmonida\ 

Behind  the  hyoid  arch  in  Fishes  are  placed  the  post-hyoidean  visceral 
arches,  which  are  termed  "branchial  arches,"  as  some  of  them  always  carry 


Fig.  ^a.— The  hyoid  and  branchial  arches  of  both  sides  of  the  Perch,  removed  from  the 
skull,  and  viewed  from  above.  (After  Cuvicr.)  sk  Stylohyal;  gh  Epihyal;  ch 
Ceratohyal ;  bh  Basihyal ;  gh  Glossohyal ;  bo  Branchiostegal  rays  ;  ba  Basibranchial 
bones,  separating  the  two  sets  of  branchial  arches ;  M>  HypobranchiaU  (the  3d  hypo- 
branchial  belongs  to  the  3d  and  4th  branchial  arches);  cb  Ceratobranchial  bone 


eb  Epibranchial  bone ;  sp  Superior  phar>rngeal  (pharyngobranchial)  bones ;  U  The 
'  iial  arches,  constituting  the  so-called  inferior  pharyngeal  bones. 


incomplete  5th  branchii 


branchiae  on  their  outer  sides.  Seven  branchial  arches  on  each  side  is  the 
greatest  number  known  ;  but  the  arrangement  which  is  most  typical  is  that 
seen  in  the  ordinary  Bony  Fishes,  in  which  there  are  four  complete  branchial 
arches  and  a  fifth  incomplete  one  on  each  side.  In  a  typical  Bony  Fish, 
such  OS  the  Perch  or  Cod,  the  branchial  arches  (fig.  322)  consist  of  the  fol- 
lowing parts : — 

(i.)  Placed  in  the  middle  line  of  the  floor  of  the  mouth,  and  separating 
the  two  sets  of  branchial  arches,  is  a  row  of  small  bones  continued  back- 
wards from  the  glossohyal,  and  known  as  the  **  basibranchials  "  {Jba\ 

(2.)  From  this  basibranchial  isthmus  the  branchial  arches  are  continued 
upwards  in  the  walls  of  the  pharynx,  to  be  attached  to  the  roof  of  the 
mouth  behind.  Their  basal  segments,  by  which  they  join  the  basibranchials, 
are  the  so-called  "hypobrancbial "  bones  {Jib).     There  are,  however,  only 
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three  hypobranchialsy  the  3d  and  4th  arches  having  one  in  common,  while 
the  5th  has  none. 

(3.)  Attached  to  the  preceding  are  the  ''ceratobranchial'*  bones  (c^), 
which  are  the  principal  pieces  of  the  branchial  arches.  In  the  5th  brandiiad 
arch,  the  ceratobranchials  are  the  only  pieces  developed,  and  they  bear  no 
branchise.  Their  inner  surfaces  in  this  arch  are  furnished  with  teeth,  and 
they  are  placed  one  on  each  side  of  the  middle  line  of  the  throat,  constitut- 
ing the  so-called  "inferior  pharyngeal  bones." 

(4.)  United  with  the  upper  ends  of  the  ceratobranchials,  and  forming 
with  them  a  curved  angle,  are  the  *'epibranchials"  {ed). 

(5.)  The  branchial  arches  are  completed  superiorly  by  short  pieces 
known  as  "  pharyngobranchial "  bones  (j/),  which  are  connected  by  fibrous 
tissue  with  the  under  side  of  the  skull.  The  pharyngobranchials  of  the 
1st  and  4th  arches  are  often  rudimentary,  while  those  of  the  2d  and  3d 
arches  commonly  bear  teeth,  and,  projecting  inwards  from  the  upper  wall 
of  the  pharynx,  are  known  as  the  "superior  pharyngeal  bones." 

(6. )  Lastly,  the  inner  mai^ns  of  the  branchial  arches  carry  one  or  two 
rows  of  small  denticular  pieces,  the  ** gill- rakers"  (fig.  321,  ^r).  These 
form  a  sieve  which  strains  the  water  as  it  passes  through  the  branchial 
clefts.  The  postero-external  face  of  each  branchial  arch  is  further  marked 
with  a  "branchial  groove,"  in  which  the  branchial  vessels  are  contained, 
and  to  the  sides  of  which  the  branchial  laminae  are  attached. 

The  lower  jaw  or  mandible  in  the  Bony  Fishes  consists  of 
two  rami,  united  by  a  ligamentous  symphysis  in  front  Each 
ramus  consists  of  two  principal  pieces  (dentary  and  articular), 
with  sometimes  other  elements  ("  angular,"  "  splenial,"  &c.)  as 


Fig.  333.— Mandible,  mandibular  suspensorium»  and  opercular  bones  of  the  Salmon 
(afkcr  Parker),  d  Dentary  piece  of  mandible ;  or  Articular  piece  of  mandible ;  ^f» 
Quadrate ;  sy  Symplectic ;  mt  Metapterygoid  ;  km  Hyomandibular ;  o  Operculum 
proper ;  to  Sub-operculum ;  to  Interoperculum ;  ^  Prseoperculum. 

well.  The  mandible  is  suspended  from  the  skull  by  a  series 
of  bones  which  together  constitute  the  "  suspensorium,"  and 
which  usually  consist  of  the  following  (fig.  323) : — 
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(i.)  A  "quadrate"  bone  (^«),  which  articulates  directly  with 
the  mandibular  condyle. 

(2.)  A  small  bone,  connected  with  the  postero-intemal  face 
of  the  quadrate,  and  known  as  the  "  symplectic  "  (sy). 

(3.)  A  flat  "  metapterygoid "  bone  ("  praetympanic "  of 
Owen),  placed  above  the  quadrate,  and  united  with  it  by 
cartilage. 

(4.)  A  broad  flat  "  hyomandibular  "  bone  ("  epitympanic  "  of 
Owen),  which  forms  the  uppermost  segment  of  the  suspen- 
sorium,  and  is  articulated  with  the  pterotic  bone  of  the  skull 
(Am).  Posteriorly  the  operculum  and  praeoperculum  are  con- 
nected with  the  hyomandibular,  and  the  stylohyal  bone  is 
articulated  to  its  inner  surface.  The  hyomandibular  bone,  by 
its  articulation  with  the  skull,  thus  forms  the  hinge  upon  which 
swing,  the  mandibular  and  hyoid  arches,  and  the  flap  of  the 
gill-cover. 

The  /imds  of  fishes  depart  considerably  from  the  typical  form 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 
limbs  may  be  wanting,  but  when  present  the  limbs  are  almost 
always  in  Ihe  form  of  ^ns — that  is,  of  expansions  of  the  in- 


^'^K'  324* — Outline  of  a  fish,  showing  the  paired  and  unpaired  fins,  p  One  of  the  pectoral 
fins ;  V  One  of  the  ventral  fins ;  d  First  dorsal  fin ;  </  Second  dorsal  fin ;  a  Anal  fin ; 
c  Caudal  fin. 

tegument  strengthened  by  bony  or  cartilaginous  fin-ra3rs.  The 
anterior  limbs  are  known  as  the  pectoral  fins,  and  the  posterior 
as  the  ventral  fins ;  and  they  are  at  once  distinguished  from 
the  so-called  "  median  "  fins  by  being  always  disposed  in  pairs, 
usually  symmetrically.  Hence  they  are  often  spoken  of  as  the 
paired  fins. 

The  pectoral  limbs  possess  a  well-developed  pectoral  arch, 
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which  in  Teleosteans  is  composed  of  several  bones,  and  is 
articulated  with  the  back  of  the  skull,  whereas  in  £lasmo- 
branchs  it  is  cartilaginous  and  has  no  connection  with  the 
cranium.  The  segments  representing  the  upper  arm  and  fore- 
arm are  wanting,  but  carpal  bones  or  cartilages  are  present, 
and  these  are  followed  by  the  **  rays  "  of  the  fins  proper,  these 
representing  the  metacarpal  bones,  and  phalanges.  As  regards 
size  and  other  minor  characters,  the  pectoral  fins  vary  greatly. 
In  the  Flying  Gurnard  {Dactylopterus)^  and  in  the  true  Flying 
Fish  {Exoc(Btus)y  the  pectorals  are  enormously  developed,  and 
enable  the  fish  to  take  extensive  leaps  out  of  the  water. 

Suspended  from  the  back  of  the  skull,  and  placed  behind  the  branchial 
arches,  are  the  pectoral  arches  in  the  ordinary  Bony  Fishes.  In  such  a 
Fish  as  the  Perch  or  Cod  the  pectoral  arch  (ng.  321)  is  composed  of  the 
following  pieces ; — 

(i.)  A  bifid  "post-temporal  bone"  ("supra -scapula"  of  Owen),  by 
which  the  pectoral  arch  is  joined  to  the  supra-occipital  and  pterotic  bones 
of  the  skull  (//). 

(2.)  This  unites  below  with  a  second  piece  (jf/),  the  "supra-clavicle" 
( * '  scapula  "  of  Owen) . 

(3.)  This,  in  turn,  articulates  inferiorly  with  a  long  curved  "clavicle" 
( "  coracoid  "  of  Owen).  The  clavicles  {cl)  are  the  largest  pieces  of  the 
pectoral  arch,  and  they  become  connected  in  the  middle  line  below,  at  the 
ninder  end  of  the  branchial  isthmus. 

(4.)  Attached  to  the  upper  part  of  the  clavicle  is  a  two-jointed,  back- 
wardly  -  projecting  "  post  -  clavicle  "  (the    **  epicoracoid  "  of  Owen,   fig. 

321,  AO. 

(5.)  Articulating  with  the  hinder  margin  of  the  clavicle  inferiorly  are 
two  short  fiat  bones  {sc  and  co\  which  represent  respectively  the  '*  scapula  ** 
and  "coracoid"  (the  *' radius"  and  "ulna"  of  Owen). 

(6.)  The  scapula  and  coracoid  give  origin  to  a  series  of  short  pieces,  in 
two  rows,  whicn  are  believed  to  represent  "carpals"  and  "metacarpals," 
and  the  latter  bear  the  "  fin-rays  "  of  the  fins. 

The  hind-limbs  or  "ventral  fins"  are  wanting  in  many  fishes, 
and  they  are  less  developed  and  less  fixed  in  position  than  are 
the  pectoral  fins.  In  the  ventral  fins  no  representatives  of  the 
tarsus,  tibia  and  fibula,  or  femur,  are  ever  developed.  The 
rays  of  the  ventral  fins — ^representing  the  metatarsus  and  the 
phalanges  of  the  toes — unite  directly  with  a  pelvic  arch,  which 
is  composed  of  two  sub-triangular  bones,  united  in  the  middle 
line  and  believed  to  represent  the  pubic  bones.  The  imper- 
fect pelvic  arch,  thus  constituted,  is  never  united  to  the  verte- 
bral column  in  any  fish.  In  those  fishes  in  which  the  ventral 
fins  are  "abdominal"  in  position  (/>.,  placed  near  the  hinder 
end  of  the  body)  the  pelvic  arch  is  suspended  freely  amongst 
the  muscles.  In  those  in  which  the  ventral  fins  are  "thoracic" 
or  "jugular"  (/>.,  placed  beneath  the  pectoral  fins,  or  on  the 
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sides  of  the  neck),  the  pelvic  arch  is  attached  to  the  point 
of  junction  of  the  clavicles,  and  is  therefore  wholly  removed 
from  its  proper  vertebra. 

In  addition  to  the  pectoral  and  ventral  fins — the  homologues 
of  the  limbs — which  may  be  wanting,  fishes  are  furnished  with 
certain  other  expansions  of  the  integument,  which  are  "  me- 
dian" in  position,  and  must  on  no  account  be  confounded 
with  the  true  "  paired  "  fins.  These  median  fins  are  variable 
in  number,  and  in  some  cases  there  is  but  a  single  fringe  run- 
ning round  the  posterior  extremity  of  the  body.  In  all  cases, 
however,  the  median  fins  are  "  azygous  " — that  is  to  say,  they 
occupy  the  middle  line  of  the  body,  and  are  not  symmetrically 
disposed  in  pairs.  Most  commonly,  the  median  fins  consist 
of  one,  two,  or  three  expansions  of  the  dorsal  integument, 
called  the  "dorsal  fins"  (fig.  324,  d,  d')i  one  or  two  on  the 
ventral  surface  near  the  anus — the  "anal  fins"  (fig.  324,  a); 
and  a  broad  fin  at  the  extremity  of  the  vertebral  column,  called 
the  "caudal  fin"  or  tail  (c).  In  all  cases,  the  rays  which  support 
the  median  fins  are  articulated  with  the  so-called  interspinous 
bones,  which  have  been  previously  described.  Though  called 
"  median,"  from  their  position  in  the  middle  line  of  the  body, 
and  from  their  being  unpaired,  the  median  fins  of  fishes,  as 
shown  by  Goodsir  and  Humphry,  are  truly  to  be  regarded  as 
formed  by  the  coalescence  of  two  lateral  elements  in  the  mesial 
plane  of  the  body. 

The  caudal  fin,  or  tail,  of  fishes  is  always  set  vertically  at  the 
extremity  of  the  spine,  so  as  to  work  from  side  to  side,  and  it 
is  the  chief  organ  of  progression  in  the  fishes.  In  its  vertical 
position,  and  in  the  pos- 

-     --        •       ^    « 


session  of  fin -rays,  it 
differs  altogether  from 
the  horizontal  integu- 
mentary expansion 
which  constitutes  the  tail 
of  the  Cetacea  (Whales, 
&c.),  and  Sirmia  (Du- 
gong  and  Manatee).  In 
the  form  of  the  tail, 
fishes  exhibit  some 
striking  differences.  In 
some  of  the  Bony  Fishes 
and  Ganoids,  the  caudal 
extremity  of  the  spine 


Fifj.  W5.— Tail  of  adult  Flounder.  (After  A.  Aj^- 
su.)  V  Vertebral  column ;  n  Tumed-up  end  ot  the 
notochord ;  k  Hypural  bones. 
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not  bent  upwards,  but  divides 
the  caudal .  fin-rays  into  two  nearly  equal  portions,  and  the 
symmetrical  tail-fin  thus  produced  is  said  to  be  "  diphycercal." 


544 


MANUAL  OF  ZOOLOGY. 


In  the  great  majority  of  the  Bony  Fishes  the  tail-fin  appears 
on  inspection  to  be  divided  into  two  equal  lobes,  and  it  is 
then  said  to  be  " homocercal"  (fig.  326,  A).  This  apparent 
symmetry  is  due  to  the  fact  that  the  spinal  column  seems  to 
terminate  in  the  centre  of  a  triangular  bony  mass  ("hypural 
bone "),  which  is  formed  of  co-ossified  haemal  spines,  and  to 
the  free  edges  of  which  the  fin-rays  are  symmetrically  attached 
(fig.  325,  ^).  In  reality,  however,  the  unossified  notochord  is 
prolonged  into  the  upper  lobe  of  the  tail ;  and  as  there  is  a 
much  larger  number  of  fin-rays  below  the  bent-up  notochord 
than  above  it,  the  tail  is  truly  unsymmetrical  in  its  funda- 
mental structure.  Lastly,  in  the  Elasniobranchii^  and  most 
Ganoids,  the  tail  is  conspicuously  unsymmetrical  (fig.  326,  B), 


Fig.  326.— A,  Sword-fish,  showing  homocercal  tail ;  B,  Sturgeon,  showing  the 
heterocercal  foim  of  tail. 

and  is  then  said  to  be  "heterocercal."  In  these  cases,  the 
lower  lobe  of  the  tail  is  conspicuously  larger  than  the  upper, 
owing  to  the  disproportionate  development  of  the  haemal  rays, 
and  the  spinal  eolumn  is  prolonged  into  the  upper  lobe  of  the 
tail. 

In  a  recently  published  and  important  memoir,  Professor  A.  Agassiz  has 
shown  that  in  Pleuronecies  and  various  other  living  Bony  Fishes,  the  tail  of 
the  early  embryo  is  rounded,  and  is  symmetrically  developed  at  the  hinder 
end  of  the  straight  notochord  ("leptocardial  stage").  Soon  the  chorda 
becomes  arched  upwards,  and  there  appears  the  first  trace  of  a  separation 
of  the  tail-fin  into  two  portions,  only  one  of  which  is  destined  to  remain 
permanently.  The  superior  of  these  two  divisions,  when  both  have  be- 
come fully  marked  out,  surrounds  the  end  of  the  upturned  chorda  (fig. 
327,  tf),  and  it  must  be  regarded  as  an  embryonic  structure,  since  it  finally 
disappears.  The  inferior  of  the  two  divisions,  on  the  other  hand,  is  placed 
below  the  embrvonic  tail,  and  is  ultimately  developed  into  the  permanent 
tail  At  first  the  permanent  caudal  fin  has  the  appearance  of  a  distinct 
lobe,  which  looks  like  a  second  anal  fin.    In  process  of  growth,  however, 
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the  embryonic  caudal  becomes  thrown  more  and  more  upwards,  and  the 
rays  of  the  permanent  caudal  acquire  a  fan-like  arraneement.  At  the  stage 
figured  below  (fig.  327)  the  tail  is  truly  **heterocercal,"  and  is  wonderfiilly 
similar  in  appearance  to  the  tail  of  many  Palaeozoic  Fishes.     Finally,  how- 


Fig  327.— Tail  of  young  Flounder  {PUuronectes)  in  its  hcteroccrcal  stage  of  develop- 
ment, a  Embryonic  caudal  fin;  b  Permanent  caudal  fin,  occupying  an  inferior 
position  ;  c  Bent-up  end  of  the  notochord.    (After  A.  Agassiz.) 


ever  (fig.  3^),  the  tumed-up  end  of  the  notochord  becomes  replaced  by 
the  bony  "urostyle";  the  embryonic  caudal  diminishes  in  size  and  disap- 
pears ;  and  the  permanent  caudal  increases  in  size,  and  is  gradually  trans- 
formed from  a  ventral  into  a  terminal  appendage,  the  tail-fin  thus  assum- 
ing its  permanent  "homocercal"  form.  It  would  thus  appear  that  the 
r^lly  earliest  stage  of  the  tail  in  the  Bony  Fishes  and  Elasmobranchs  is 
the  **leptocardial"  stage,  in  which  the  tail  is  symmetrical  and  the  noto- 
chord straight.  This  stage  is  in  progress  of  growth  superseded  by  the 
•*  heterocercal "  condition,  which  subsists  throughout  life  in  the  Elasmo- 
branchs. Finally,  the  heterocercal  tail  of  the  young  Bony  Fish  is  in  the 
adult  succeeded  by  the  permanent  "homocercal "  or  **diphycercal"  tail. 

The  process  of  respiration  in  all  fishes  is  essentially  aquatic, 
and  is  carried  on  by  means  of  branchial  plates  or  tufts  devel- 
oped upon  the  posterior  visceral  arches,  which  are  persistent, 
and  do  not  disappear  at  the  close  of  embryonic  life,  as  they  do 
in  other  Vertebrates.  In  the  Lancelet  alone,  respiration  is 
effected  partly  by  branchial  filaments  placed  round  the  com- 
mencement of  the  pharynx,  and  partly  by  the  pharynx  itself, 
which  is  greatly  enlarged,  and  has  its  walls  perforated  by  a 
series  of  transverse  cUiated  fissures.  The  arrangement  and 
structure  of  the  branchiae  dififer  a  good  deal  in  the  different 
orders  of  fishes,  and  these  modifications  will  be  noticed  sub- 
sequently. In  the  meanwhile  it  will  be  sufficient  to  give  a 
brief  description  of  the  organs  of  respiration  in  one  of  the  Bony 
Fishes.  In  such  a  fish,  the  branchial  apparatus  is  connected 
through  the  chain  of  basibranchial  bones  with  the  hyoid  arch, 
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and  is  contained  in  two  special  chambers,  situated  one  on  each 
side  of  the  neck.  The  branchiae  are  carried  upon  the  outer  con- 
vex sides  of  what  have  been  already  described  as  the  "  branchial 
arches";  that  is  to  say,  upon  a  series  of  bony  arches  (figs.  321 
and  322)  which  are  connected  with  the  basibranchial  bones 
inferiorly,  and  are  united  above  with  the  base  of  the  skull. 
Between  the  branchial  arches  are  the  vertical  fissures  (branch- 
ial clefts),  which  allow  the  water  to  pass  from  the  pharynx  into 
the  branchial  chambers  on  each  side.  The  postero-extemal 
face  of  each  branchial  arch  is  deeply  grooved,  and  on  each 
side  of  this  groove  is  developed  a  row  of  elongated,  pointed, 
cartilaginous  "branchial  laminae,"  which  are  covered  with  a 
highly  vascular  mucous  membrane.  Each  branchial  arch  thus 
carries,  as  a  rule,  two  rows  of  branchial  leaflets,  though  the 
fourth  arch  may  have  only  a  single  row.  As  it  circulates 
through  the  capillaries  of  the  branchial  laminae,  the  venous 
blood  is  subjected  to  the  action  of  the  water  holding  oxygen 
in  solution,  and  is  thus  arterialised.     The  water  is  constantly 


Fig.  328.— GUIs  and  heart  of  the  Perch,  exposed  by  the  removal  of  the  ff ill-cover  on  the 
left  side,  a  First  of  the  four  bony  arches  which  cany  the  gills  {bo)\V  The  lower 
edges  of  the  gills  on  the  right  side;  k  Heart.    (AAer  Van  der  Hoeven.) 

taken  in  at  the  mouth  by  a  process  analogous  to  swallowing, 
and  is  admitted  to  the  branchiae  through  the  clefts  in  the  walls 
of  the  pharynx.  Having  passed  over  the  gills,  the  deoxygen- 
ated  water  is  expelled  by  the  "  gill-slits,"  one  of  these  being 
situated  on  each  side  of  the  neck.  The  entrance  of  foreign 
bodies  into  the  branchial  chambers  is  prevented  by  rows  of 
bony  processes  ("gill-rakers")  developed  on  the  inner  or  con- 
cave sides  of  the  branchial  arches.  Lastly,  the  gill-slit  can  be 
closed  or  opened  by  the  to-and-fro  movement  of  the  "gill- 
cover  "  or  operculum,  and  by  the  elevation  or  depression  of 
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the  " branchiostegal  rays"  with   the  " branchiostegal   mem- 
brane "  which  these  support. 

The  circulation  through  the  branchial  laminae  is  as  follows  (fig.  329). 
The  vessels  which  respectively  carry  the  venous  blood  to  the  branchial 
laminae  and  conduct  the  arterial  blood  away  therefrom 
— viz.,  the  "branchial  artery"  (a)  and  "branchial 
vein"  {c) — run  together  in  the  groove  on  the  outer 
side  of  the  branchial  arch,  the  vein  lying  nearest  to 
the  arch.  The  branchial  artery  sends  a  branch  along 
each  of  the  inner  or  opposed  sides  of  the  branchial 
laminae,  which  break  up  into  capillaries,  and  distribute 
the  venous  blood  in  the  mucous  membrane  of  the 
laminae.  After  aeration  the  arterial  blood  is  collected 
into  two  principal  vessels  {ti  if)  which  run  along  the 
outer  edges  of  the  branchial  laminae,  and  these  open 
into  the  main  branchial  vein  {c)  lying  in  the  branchial 
groove  of  the  arch.  The  so-called  **  pseud obranchia," 
which  is  situated  in  the  inner  surface  of  the  gill-cover 
in  many  Bony  Fishes,  receives  only  arterial  blood,  and 
has  in  these  no  respiratory  function  in  Ihe  adult. 

As  regards  the  circulatory  system^  there  are 
various  modifications  in  different  groups  of 
Fishes,  and  it  will  be  best  to  take  an  ordinary 
Bony  Fish  as  presentmg  a  typical  condition 
as  regards  the  heart  and  circulation  (fig. 
330).  In  such  a  fish  the  heart,  as  in  Fishes 
generally,  is  .purely  respiratory,  and  is  mainly 
concerned  with  driving  the  venous  blood  to 
the  branchiae.  The  heart  is  situated  in  a 
pericardial  chamber  which  lies  in  front  of  the  ,?.      _     ^. 

^  -  -  ,  .  r  ig.   329.  —  Diagram 

pectoral  arch,  and  communicates  posteriorly     of  a  pair  of  branch- 

-  -       -  -  -  -  —       -  -        -       -  -  ial    laminae    in    a 

Bony  Fish,  e  The 
branchial  arch 
transversely  divid- 
ed, showing  the  ex- 
ternal groove  in 
which  the  great  ves- 
sels run ;  a  Branch- 
ial artery,  giving  off 
branches  (pb)  along 
the  inner  edees  of 
the  branchi^  la- 
mina \  c  Branch- 
ial vein,  receiving 
branches  {(id)  from 
the  outer  edges  of 
the  branchial  la- 
mins. 


with  the  peritoneal  cavity.  The  blood  which 
has  circulated  through  the  body,  and  has  thus 
become  venous,  is  collected  by  the  great 
veins,  and  is  ultimately  discharged  into  a  com- 
mon dilatation  (the  "sinus  venosus")  which 
lies  just  behind  the  heart.  The  sinus  ven- 
osus  opens  into  a  large  thin-walled  "  auricle  *' 
(fig.  330,  au)  which  is  the  first  cavity  of  the 
heart  proper,  and  which  projects  on  both 
sides  of  the  ventricle.  The  auricle  by  its 
contraction  drives  the  blood  into  a  conical, 
thick -walled,  muscular  ventricle  (»),  from 
which  arises  the  great  "  branchial  artery,"  or  the  great  vessel 
which  distributes  the  venous  blood  to  the  gills.  The  base 
of  the  branchial  artery  is  dilated  into  a  pyriform  muscular 
chamber  known  as  the  "arterial  bulb"  (fig.  330,  ab\  which 
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looks  as  if  it  were  a  third  cavity  of  the  heart  In  the  so- 
called  PalaUhthyes  (Ganoids,  £lasmobranchs,  and  Dipnoous 
Fishes)  the  bulbus  arteriosus  is  of  a  comparatively  complex 
structure,  and,  its  base  being  rhythmically  contractile,  it  really 

acts  as  a  forward  continua- 
tion of  the  heart  The 
branchial  artery  in  front  of 
the  arterial  bulb  gives  off 
on  each  side  the  great  ves- 
sels (pa)  which  carry  the 
blood  to  the  gills.  In  most 
of  the  Bony  Fishes  there 
are  four  of  these  divisions 
of  the  branchial  artery  on 
each  side,  corresponding  to 
the  four  ifunctional  branch- 
ial arches.  The  oxygenated 
blood  returning  from  the 
gills  is  collected  into  the 
"branchial  veins,"  which  cor- 
respond in  number  to  the 
branches  of  the  branchial 
artery.  The  branchial  veins 
do  not  return,  however,  to 
the  heart,  but  unite  below 
the  spine  to  form  the  great 
systemic  vessel — the  "sub- 
vertebral  aorta"  or  "de- 
scending aorta  "  (fig.  330, 
so).  This  is  continued 
backwards  below  the  ver- 
tebral    column,     and     its 

Fig.  33a.— Diagram  of  the  circulatory  system  branches    distribute    the    ar- 

in  a  Fish,  the  vessels  containing  venous  blood  .^  -^i    ui^x^x^     «.yv    i-U-,*    4-;»»,,^« 

being  longitudinally  shaded,  and  those  con-  tenai    DlOOQ    tO    the    tlSSUeS 

taining  arterial  blooil  being  cross-shaded,    vc  generally.       The  blood,  thuS 

Vena  cava ;  v^  Vena  ports ;  au  Auncle :  f  °       ,         <  ,,  , 

Ventricle;  o^  Bulbus  arteriosus;  b  Branchial  rendered  VenOUS,  IS  CoUeCted 


artery ;  ^a  One  of  the  divisions  of  the  bran-  •    ^.-^    ^-^^   v<»inc  an^   iq  acrain 

chial  artery  goine  to  the  giUs,  from  which  '"^^    "»^   VeinS  ana  IS  agam 

proceeds  one  of  the  corresponding  branchial  rctUmed    tO   the    heart,    thuS 

veins,  by  the  union  of  which  the  subvertebral  ^^^^i^,.'    ^  ^u^  «;-«„l««.:^,.. 

aorta  (*a)  is  formed;  i  IntesUne ;  *  Kidney.  COmpletmg  the  Circulation. 


It  will  be  seen  from  the 
above  that  the  essential  peculiarity  of  the  heart  is  that  it  is 
purely  venous,  and  is  concerned  only  with  driving  the  impure 
blood  to*  the  breathing  organs;  whereas  the  arterialised 
blood  returned  from  the  gills  is  propelled  through  the  sys- 
temic vessels  without  being  sent  back  to  the  heart.     The 
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single  contraction  of  the  heart  is  thus  sufficient  to  drive  the 
blood  through  both  the  branchial  and  the  systemic  circulations, 
some  assistance  being  afforded  by  the  contractions  of  the 
voluntary  muscles.  In  some  fishes  also  (as  in  the  £el),  the 
return  of  blood  to  the  heart  is  assisted  by  a  rhythmically  con- 
tractile dilatation  of  the  caudal  vein. 

In  Amphioxus  alone  there  is  no  heart,  the  principal  vessels . 
being  contractile,  and  acting  as  a  heart  In  the  Dipnoi  the 
auricle  may  be  incompletely  divided  into  a  right  and  left  half 
(as  in  Lepidosiren)y  or  the  ventricle  may  show  a  similar  imper- 
fect division  (as  in  Ceratodus),  The  blood-discs  of  Fishes  are 
oval  and  nucleated  (fig.  315,  e),  and  the  blood  is  red  in  all 
except  Amphioxus  and  the  oceanic  LeptocephMlus  and  its  allies. 

As  regards  the  digestive  system^  the  mouth  in  Fishes  is  usually 
capacious,  and  generally  is  furnished  with  teeth,  which  in  the 
Bony  Fishes  are  not  only  developed  upon  the  mandible,  prae- 
maxillse,  and  maxillae  (the  latter  often  edentulous),  but  may  also 
be  produced  upon  other  bones  which  enter  into  the  composition 
of  the  buccal  cavity  (such  as  the  palatines,  pterygoids,  vomer, 
branchial  arches,  and  glossohyal  bone).  The  oesophagus  (fig. 
331,  <r)  is  usually  short  and  wide,  passing  almost  without  a 
visible  external  boundary  into  the  stomach.  The  latter  is 
usually  bent  and  U-shaped,  the  first  or  "  cardiac  "  division  (cd) 
being  wide ;  while  the  second  or  "  pyloric  "  division  is  much 
narrower.  In  other  cases,  the  cardiac  division  of  the  stomach 
is  prolonged  backwards  as  a  long  blind  sac,  and  the  cardiac 
and  pyloric  openings  are  placed  close  together.  In  the 
angle  formed  by  the  two  divisions  of  the  bent  stomach  usually 
lies  the  ductless  and  vascular  spleen.  The  stomach  is  suc- 
ceeded by  the  small  intestine,  into  the  commencement  of 
which  the  bile-duct  (fig.  331,  dt)  opens.  In  ordinary  Bony 
Fishes  the  commencement  of  the  duodenum  is  marked  by  the 
presence  of  a  variable  number  (from  i  to  200)  of  blind  tubu- 
lar appendages  (fig.  331,  A),  which  are  known  as  the  **  pyloric 
caeca,"  and  which  exercise  some  digestive  function.  These 
are  wanting  in  Elasmobranchs,  in  which  the  small  intestine  is 
excessively  short,  and  they  are  also  absent  in  many  other  fishes. 
The  small  intestine  terminates  in  a  short  large  intestine,  which 
either  opens  directly  upon  the  exterior,  just  in  front  of  the 
anal  fin,  as  in  most  Bony  Fishes,  or  debouches  into  a  dilated 
chamber  or  "cloaca,"  which  receives  also  the  urinary  and 
reproductive  ducts  (as  in  Elasmobranchs).  In  Elasmobranchs, 
Ganoids,  and  Dipnoi^  the  absorbing  surface  of  the  large  in- 
testine is  increased  by  a  "  spiral  valve,"  in  the  form  of  a  spiral 
reduplicature  of  the  mucous  membrane  which  winds  like  a 
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screw  in  close  turns  round  the  intestinal  tube.  The  liver  in 
fishes  is  usually  large,  soft,  and  oily,  and  a  gall-bladder  is  gen- 
erally present.  In  Amphioxus  the  liver  is  represented  by  a  sac- 
like diverticulum  of  the  alimentary  tube.  A  distinct  pancreas 
(fig.  33 1, /a)  is  found  in  Elasmobranchs  and  many  other  fishes, 


Fig.  3^1. — Diagrammatic  sketches  of  the  alimentary  canal  of  a  Bony  Fish  (A),  and  an 
Elasmobranch  (B).  ce  CEsopha^s ;  cd  Cardiac  division  of  the  stomach  ;  pa  Pyloric 
division  of  the  stomach;  al  Bile-duct;  t  Snudl  intestine  (duodenum);  c  Large  in- 
testine ;  pc  Pyloric  caeca  ;^  rg  Rectal  gland ;  cl  Cloaca ;  >a  Pancreas ;  */  Spleen. 
The  large  intestine  in  B  is  supposed  to  be  partly  laid  open  so  as  to  show  the  spiral 
valve  in  its  interior. 

but  it  is  wanting  in  many  Teleosteans.  Lastly,  in  Elasmo- 
branchs there  is  appended  to  the  large  intestine,  near  its  ter- 
mination, a  vascular  and  csecal  glandular  pouch  (the  "  rectal 
gland,"  fig.  ZZ^.rg), 

The  kidneys  of  Fishes  are  usually  of  considerable  size,  and 
form  two  elongated  organs  which  are  situated  beneath  the 
spinal  column,  and  may  extend  along  the  whole  length  of  the 
abdominal  cavity.  The  ureters  often  join  into  a  common 
duct,  upon  which  a  urinary  bladder  may  be  developed.     In 
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Bony  Fishes  the  urinary  opening  is  placed  in  general  behind 
the  anus,  either  in  common  with  the  generative  aperture,  or 
just  posterior  to  the  latter. 

In  many  fishes  there  is  developed  the  curious  sac-like  organ 
which  is  known  as  the  "  swim-bladder  "  or  "  air-bladder."  This 
structure  is  an  unpaired,  or  rarely  paired,  sac,  containing  gas, 
and  situated  underneath  the  vertebral  column  and  above  the 
alimentary  canal.  It  is  often  of  considerable  size,  and  usually 
is  unilocular,  but  it  may  be  variously  subdivided  by  septa,  or 
it  may  give  off  more  or  less  complicated 
caeca  (fig.  332). 

In  Lepidosiren  and  some  Ganoids  the 
air-bladder  is  double,  and  in  these  cases  it 
is  more  or  less  cellular  or  spongy.  In  all 
the  Dipnoi  and  Ganoids  also,  as  in  many 
Teleostean  Fishes,  the  swim-bladder  com- 
municates with  the  gullet  by  means  of  a 
duct  (dtutus  pneutnaticus).  On  the  other 
hand,  in  most  Teleosteans  the  air-bladder 
has  the  form  of  a  closed  ductless  sac.  No 
air-bladder  is  developed  in  the  Marsipo- 
branch  and  Elasmobranch  fishes,  and  this 
organ  is  also  wanting  in  certain  Bony 
Fishes  (e,g.y  the  Flat-fishes).  The  swim- 
bladder  has  been  generally  regarded  as  the 
homologue  of  the  lungs  of  the  air-breath- 
ing Vertebrates,  though  in  most  cases  it 
has  no  respiratory  function.  The  gas  which 
it  contains  is  secreted  from  the  blood  by 
the  lining  membrane  of  the  swim-bladder, 
which  is  vascular,  and  is  often  furnished 
with  retia  tnirabilia,  and  it  is  not  derived 
from  the  atmosphere  (except  in  the  case  of  the  Dipnoi).  In 
most  fresh-water  fishes  the  gaseous  contents  of  the  organ  are 
mostly  made  up  of  nitrogen,  but  oxygen  is  the  predominating 
ingredient  in  the  case  of  the  sea-fishes.  In  an  ordinary  way  it 
would  seem  that  the  functions  of  the  air-bladder  are  purely 
hydrostatic,  the  fish  having,  by  muscular  action,  the  power  of 
compressing  the  sac,  and  thus  altering  its  specific  gravity.  On 
the  other  hand,  among  the  Dipnoi  the  air-bladder  discharges 
a  true  respiratory  function. 

The  nervous  system  of  Fishes  is  of  a  comparatively  low  type, 
the  brain  being  smaller  in  proportion  to  the  body  than  in  any 
other  class  of  Vertebrates.  The  olfactory  lobes  (fig.  333,  /) 
are  well  marked,  the  cerebral  lobes  are  small  (c) ;  and  the  optic 


Fig.  33««— Swim-bladder 
of  Corvina  trispino- 
sa,  showing  appended 
caeca. 
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lobes  (b)  are  exceptionally  developed,  and  may  exceed  any  of 
the  otiier  divisions  of  the  brain  in  size.  The  cerebellum  is 
relatively  small,  and  is  never  divided  into  two  lateral  lobes. 
The  eyes  are  rudimentary  in  Amphtoxus,  and 
in  other  cases  may  be  hidden  under  the  skin, 
as  in  the  Hag-fishes  and  in  the  blind  fishes  of 
caves.  The  nasal  sac  is  single,  with  a  single 
unpaired  external  nostril,  in  the  Marsipo- 
branchs ;  but  in  all  other  fishes  the  nasal  sac 
is  double,  with  two  nostrils.  In  the  great 
majority  of  Fishes  the  nasal  sacs  are  closed 
posteriorly,  and  do  not  communicate  with 
the  mouth;  but  in  Myxine  the  single  nasal 
sac  opens  behind  upon  the  palate,  and  in 
the  Dipnoi  there  are  two  posterior  nostrils 
corresponding  with  the  double  structure  of 
_  the  nose.     The  auditory  organ  consists  of 

?irc2f'vicwI?from  the  "labyrinth"  only,  and  the  auditory  cap- 
?oifertiJ"'£bS^^^  ^"^^  ""^*y  ^^  largely  or  wholly  enclosed  in  the 
Cerebral  lobes :  *  b  crauial  walls,  Or  attached  to  the  sides  of  the 
^Sfim^^*' F^Trth  brain-case.  There  is  no  external  ear,  but 
ventricle.  in  the  Rays,  a  canal  leading  from  the  in- 

ternal ear  opens  upon  the  surface  by  a 
minute  aperture.  In  all  other  fishes  there  is  no  external 
aperture  to  the  auditory  organs.  In  many  cases,  however, 
the  ear  is  brought  into  relation  with  the  swim-bladder.  Pecu- 
liar nervous  organs  of  Fishes  are  the  "electrical  organs," 
which  are  developed  in  the  Electric  Rays  (Torpedo\  the  Elec- 
tric Eel  {Gymnotus)y  and  in  some  other  forms.  The  situation 
of  these  organs  varies  in  different  cases,  but  they  are  always 
largely  supplied  with  nerves  from  the  fifth  pair  and  from  the 
pneumogastric 

As  regards  their  reproductive  organs^  Fishes  have  the  sexes 
distinct,  except  in  the  SerranidcRy  and  in  a  few  other  cases. 
The  reproductive  oigans  of  the  two  sexes  are  often  very  simi- 
lar to  one  another,  the  ovaries  being  familiarly  known  as  the 
"  roe,"  while  the  testes  are  called  the  "  soft  roe "  or  "  milL" 
The  ovary  is  single  in  the  Sharks  and  in  a  few  other  forms, 
but  is  usually  paired,  and  there  are  two  testes  in  all  except 
the  Marsipobranchs.  In  some  cases  the  generative  glands 
have  no  ducts,  and  the  generative  products  are  shed  into  the 
abdominal  cavity,  and  reach  the  exterior  by  an  "abdominal 
pore  "  placed  behind  the  anus.  This  state  of  things  occurs  in 
the  Marsipobranchs  and  in  the  females  of  the  Salmon  family. 
In  the  majority  of  the  Bony  Fishes  the  ovaries  and  testes  have 
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ducts  which  are  directly  continuous  with  them,  and  which 
open  on  the  surface  by  an  aperture  placed  just  behind  the 
anus.  In  all  the  Ganoids  (except  Lepidosteus)^  and  in  the 
Dipnoi^  the  generative  ducts  are  not  direct  prolongations  of 
the  generative  glands,  but  have  funnel-shaped  internal  aper- 
tures, into  which  the  generative  products  are  dehisced.  The 
same  is  the  case  in  the  females  of  the  Sharks  and  Rays.  The 
Fishes  are  essentially  oviparous,  but  some  forms  (Viviparous 
Blenny,  Viviparous  Dog-fishes,  &c.)  are  ovo-viviparous ;  and 
in  most  of  the  latter  the  early  stages  of  development  are  under- 
gone by  the  embryo  within  a  uterine  enlargement  of  the  ovi- 
duct The  ova  (spawn)  are  generally  fertilised  by  the  semen 
after  they  have  been  shed  into  the  water ;  but  in  some  cases 
sexual  congress  takes  place,  and  in  the  Sharks  and  Rays  the 
males  are  furnished  with  "claspers"  or  external  copulatory 
organs. 

As  regards  their  distribution  in  space,  Fishes  are  essentially 
inhabitants  of  water,  and  most  live  exclusively  in  either  the 
sea  or  fresh  waters.  A  number  of  forms,  however,  have  the 
power  of  living  indifferently  in  either  salt  or  fresh  water,  and 
migrate  periodically  from  one  to  the  other.  Ceratodus  appears 
to  be  able  to  come  on  land,  breathing  by  means  of  its  lung ; 
and  the  African  Lepidosiren  {Protopterus  annectens)  can  sur- 
vive the  drying  up  of  the  pools  in  which  it  lives  by  burying 
itself  in  the  mud  in  a  kind  of  chamber.  Many  fishes  can  live 
a  considerable  time  out  of  water,  either  by  reason  of  the  nar- 
rowness of  their  gill-slits  (as  in  Eels),  or  because  there  are 
special  arrangements  for  keeping  the  gills  moist. 

As  to  their  distribution  in  time.  Fishes  are  the  most  ancient 
of  Vertebrates.  The  oldest  known  remains  of  Fishes  are  found 
in  the  Silurian  rocks,  the  still  more  ancient  fossils  known  as 
"  Conodonts,"  being  almost  certainly  referable  to  the  Inver- 
tebrates. The  two  most  ancient  groups  of  Fishes  are  the 
Ganoids  and  the  Elasmobranchs,  both  of  which  are  repre- 
sented in  the  Silurian  period.  The  Dipnoi  are  also  a  very 
ancient  group,  appearing  for  the  first  time  in  the  Devonian. 
On  the  other  hand,  the  Bony  Fishes  do  not  make  their  ap- 
pearance till  late  on  in  the  Secondary  period  (in  the  Chalk), 
and  we  have  no  knowledge  of  any  fossil  remains  referable  to 
the  groups  of  the  Marsipobranch  and  Pharyngobranch  Fishes. 


S54 


DIVISIONS    OF  FISHES. 


CHAPTER    XLVIII. 

PHARYNGOBRANCHII  AND  MARSIPOBRANCHIL 

Naturalists  usually  recognise  at  tlie  present  six  principal 
groups  or  orders  of  Fishes — viz.,  the  Pharyngobranchii  (Lance- 
let),  the  Marsipobranchii  (Lampreys  and  Hag-fishes),  Teleostei 
^Bony  Fishes),  Ganoidei  (Ganoid  Fishes),  Ehsmobratuhii 
(Sharks  and  Rays),  and  Dipnoi  (Mud-fishes).  The  Lancelet 
{Amphioxus)  is  the  sole  representative  of  the  order  Pharyngo- 
branchii, and  its  characters  are  so  abnormal  that  it  has  been 
often  regarded  as  the  representative  of  a  special  division  of 
Vertebrate  Animals,  to  which  has  been  given  the  names  of 
Acraniata  (firom  the  want  of  a  skull),  or  Leptocardii  (from  the 
fact  that  the  heart  is  only  represented  by  pulsating  blood- 
sinuses).  Again,  the  orders  of  the  Ganoids,  Elasmobranchs, 
and  Dipnoous  Fishes  have  many  and  important  characters  in 
common,  and  they  have  therefore  been  grouped  together  by 
Dr  Giinther  into  a  special  sub-class  of  Pisces  under  the  name 
of  Palaichthyes. 

Order  I.  Pharyngobranchii  ( =  Cirrvstomi,  Owen,  and 
Leptocardii,  Miiller). — This  order  includes  but  a  single  fish, 
the  anomalous  Amphioxus  lanceolatus  or  Lancelet  (figs.  334, 
335),  the  organisation  of  which  differs  in  almost  all  important 
points  from  that  of  all  the  other  members  of  the  class.  The 
order  is  defined  by  the  following  characters,  most  of  which, 
as  will  be  seen,  are  negative : — No  skull  is  present,  nor  lower 
jaw  (mandible),  nor  limbs.  The  notochord  is  persistent ;  and 
there  are  no  vertebral  centra  nor  arches.  No  distinct  brain  nor 
auditory  organs  are  present.  In  place  of  a  distinct  heart,  pul- 
sating dilatations  are  developed  upon  several  of  the  great  blood- 
vessels.    The  blood  is  pale.     The  mouth  is  in  the  form  of  a  longi- 
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tudinal  fissure^  surrounded  by  filaments  or  cirri.  The  walls  of 
the  pharynx  are  perforated  by  numerous  clefts  or  fissureSy  the 
sides  of  which  are  ciliated^  the  whole  exercising  a  respiratory 
function. 

The  Lancdet  is  a  singular  little  fish,  from  one  to  two  inches 
in  length,  which  is  found  burrowing  in  sandbanks,  in  various 
seas,  but  especially  in  the  Mediterranean.  The  body  (fig. 
334)  is  semi-transparent,  destitute  of  an   exoskeleton,  and 


Fig.  334.— Pharyngobranchii.    The  Lancclct  {Amphioxus  lanc€olatui\  enlarged. 


F'S*  335* — ^^e  Lancelet  {Amfhioxus  lanctolaius\  enlarged  to  twice  its  natural  sixe. 
o  Mouth ;  b  Pharjrngeal  sac  ;  g  Stomach ;  h  Diverticulum  representing  the  liver ; 
/  Intestine ;  a  Anus ;  n  Notochord;  y  Rudiments  of  fin-rays  ;  /  Abdominal  pore. 

lanceolate  in  shape,  and  is  provided  with  a  narrow  mem- 
branous border,  of  the  nature  of  a  median  fin,  which  runs 
along  the  whole  of  the  dorsal  and  part  of  the  ventral  surface, 
and  expands  at  the  tail  to  form  a  lancet-shaped  caudal  fin. 
No  true  paired  fins,  representing  the  anterior  and  posterior 
limbs,  are  present  The  mouth  is  a  longitudinal  fissure, 
situated  at  the  firont  of  the  head,  and  destitute  of  jaws.  It 
is  surrounded  by  a  cartilaginous  ring,  composed  of  many 
pieces,  which  give  off  prolongations,  so  as  to  form  a  number 
of  ciliated  cartilaginous  filaments  or  "  cirri "  on  each  side  of 
the  mouth.  (Hence  the  name  of  Cirrostomiy  proposed  by 
Professor  Owen  for  the  order.)  The  throat  is  provided  on 
each  side  with  vascular  lamellas,  which  are  believed  by  Owen 
to  perform  the  function  of  free  branchial  filaments.  The 
mouth  leads  into  a  dilated  chamber  (fig.  .335,  b\  which  repre- 
sents the  pharynx,  and  is  termed  the  "  pharyngeal "  or  "  bran- 
chial sac."  It  is  an  elongated  chamber,  the  walls  of  which 
are  strengthened  by  numerous  cartilaginous  filaments,  between 
which  is  a  series  of  transverse  slits  or  clefts,  the  whole  covered 
by  a  richly-ciliated  mucous  membrane.  This  branchial  dila- 
tation has  given  rise  to  the  name  Branchiostoma^  often  applied 
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to  the  Lancelet  Posteriorly  the  branchial  sac  opens  into  an 
alimentary  canal,  to  which  is  appended  a  long  and  capacious 
sac  or  cseciun  (A\  which  is  believed  to  represent  the  liver. 
The  intestinal  tube  terminates  posteriorly  by  a  distinct  anus 
(a),  which  is  situated  at  the  root  of  the  tail  a  little  to  the  left 
of  the  median  line ;  and  the  intestinal  mucous  membrane  is 
ciliated.  Respiration  is  effected  by  the  admission  of  water 
taken  in  by  the  mouth  into  the  branchial  sac,  having  previ- 
ously passed  over  the  free  branchial  filaments  before  men- 
tioned. The  water  passes  through  the  slits  in  the  branchial 
sac,  and  thus  gains  access  to  the  abdominal  cavity,  from  which 
it  escapes  by  means  of  an  aperture  with  contractile  margins 
situated  a  little  in  front  of  the  anus,  and  called  the  **  abdominal 
pore "  (/).  There  is  no  distinct  heart,  and  the  circulation  is 
entirely  effected  by  means  of  rhythmically  contractile  dilata- 
tions which  are  developed  upon  several  of  the  great  blood- 
vessels. In  other  words,  the  heart  retains  its  primitively 
tubular  condition,  and  special  contractile  dilatations  are  de- 
veloped upon  other  vessels  (those  carrying  the  blood  to  the 
pharynx).  The  blood  itself  is  colourless.  No  kidneys  have 
as  yet  been  certainly  identified,  and  there  is  no  lymphatic 
system.  There  is  no  skeleton  properly  so  called.  In  place 
of  the  vertebral  column,  and  constituting  the  whole  endoskele- 
ton,  is  the  semi-gelatinous  cellular  notochord  (»),  enclosed  in 
a  fibrous  sheath,  and  giving  off  fibrous  arches  above  and  below. 
The  notochord  is,  fiuther,  peculiar  in  this,  that  it  is  prolonged 
quite  to  the  anterior  end  of  the  body,  whereas  in  all  otifier 
Vertebrates  it  stops  short  at  the  pituitary  fossa.  There  is  no 
^  cranium,  and  the  spinal  cord  does  not  expand  anteriorly  to 
form  a  distinct  cerebral  mass.  The  brain,  however,  may  be 
said  to  be  represented,  since  the  anterior  portion  of  the  ner- 
vous axis  gives  off  nerves  to  a  pair  of  rudimentary  eyes,  iad 
another  branch  to  a  ciliated  pit,  believed  to  represent  an 
olfactory  organ.  The  generative  organs  (ovaria  and  testes) 
are  not  furnished  with  any  efferent  ducts  (oviduct  or  vas 
deferens).  The  generative  products,  therefore,  are  shed  into 
the  abdominal  cavity,  and  gain  the  external  medium  by  the 
'*  abdominal  pore." 

Order  II.  Marsipobranchii  (  =  Cyclostomi^  Owen;  and 
Cychstomatay  Miiller). — This  order  includes  the  Lampreys 
(Petromyzonida)  and  the  Hag-fishes  (Myxinida\  and  is  defined 
by  the  following  characters: — 77ie  body  is  cylindricaly  worm- 
like,  and  destitute  of  limbs.  The  skull  is  cartilaginous ,  without 
cranial  bones,  and  having  no  lower  jaw  (mandible).  The  noto- 
chord is  persistent,  and  exhibits  no  vertebral  segmentation.     The 
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?uart  consists  of  one  auricle  and  one  ventricle^  but  the  branchial 
artery  is  not  furnished  with  a  bulbus  arteriosus.  The  gills  are 
sac'like  and  are  not  ciliated. 

The  type  of  piscine  organisation  displayed  in  the  Marsipo- 
branchii  is  of  a  very  low  grade,  as  indicated  chiefly  by  the 
persistent  notochord  without  vertebral  centra,  the  absence  of 
any  traces  of  limbs,  the  absence  of  a  mandible,  and  the  struc- 
ture of  the  gills. 

Both  the  Lampreys  and  Hag-fishes  (fig.  336)  are  vermiform, 


Fig-  336.— Morpholoffy  of  Marsipobranchii.  A,  Myxine  gluHnoM^  the  Haff-ftsh,  show- 
ing the  sucker-like  mouth,  and  the  two  ventral  openings  (A)  by  which  the  water 
escapes  from  the  gills.  B,  The  River  Lamprey  or  Lampern  {Petromy%onjlwvta4ilis)^ 
showing  the  seven  branchial  apertures  on  the  side  of  the  neck. 

eel-like  fishes,  which  agree  in  the  total  want  of  scales,  and  in 
the  absence  of  paired  fins  representing  the  limbs.  The  hinder 
end  of  the  body  is  furnished  with  a  median  fin.  The  skeleton 
remains  throughout  life  in  an  extremely  imperfect  condition, 
the  chorda  dorsalis  being  persistent,  and  not  exhibiting  seg- 
mentation into  definite  vertebrae.  The  neural  arches  are, 
however,  represented  by  cartilaginous  rudiments,  and  similar 
rudiments  in  the  caudal  region  may  represent  haemal  arches. 
The  skull  is  partly  membranous  and  partly  cartilaginous,  and 
is  not  movable  on  the  notochord. 

The  mouth  is  destitute  of  proper  jaws,  and  is  adapted  for 
suction,  fleshy  lips  bemg  present  in  the  Lampreys.  T]rpically, 
the  mouth  has  the  form  of  a  circular  cup-like  sucker,  the  inner 
surface  of  which  is  furnished  with  more  or  less  numerous 
simple  homy  teeth  developed  in  the  buccal  mucous  mem- 
brane. At  the  bottom  of  the  sucker  is  the  aperture  of  the 
mouth,  in  which  is  a  piston-like  tongue,  also  armed  with  teeth 


Fig. 
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(fig.  337).  In  the  Hag -fishes  (Myxine)  there  is  a  single 
median  fsing-like  tooth  on  the  palate,  and  small  comMike 
teeth  on  the  tongue.  By  the  retraction  of  the  piston-like 
tongue,  the  mouth  can  be  used  as  a  sucker,  enabling  the 

Marsipobranchs    to    attach    them- 
selves firmly  to  foreign  objects. 

The  form  of  the  respiratory  or- 
gans among  the  Marsipobranchs  is 
quite  peculiar.  There  are  no  bran- 
chial arches,  as  in  Fishes  generally, 
but  the  gills  have  the  form  of  a 
number  of  flattened  sac-like  pouches 
flw^-ft^^*"*"!^^^  /  situated  on  both  sides  of  the  oeso- 
phagus. In  the  Lampreys  there  are 
M    .u   ri      ^  tn    seven  ofthese  pouches  on  each  side, 

>fif-  337-— Mouth  of  Lamprey  (/'^-  .  *^v       -j      •       ^i_      tt 

tromyxonjiwiaHUs\  mjrMaxii-  and  SIX  on  cach  Side  m  the  Hag- 
lrt]f„'|^';<^f',"±riir,h:  fishes;  the  arrangements  for  the  ad- 
(After  GQnther.)  mission  of  water  to  the  branchial 

sacs  and  its  expulsion  from  the 
same  diflfering  in  important  particulars.  In  the  Hag-fishes 
(fig.  338),  the  water  is  admitted  to  the  gullet  through  the 
unpaired  nasal  sac,  which  has  the  peculiarity  that  it  opens 
into  the  throat  behind.  On  each  side  of  the  gullet  are  six 
apertures  through  which  the  water  is  conducted  by  short 
canals  into  the  six  branchial  sacs,  the  walls  of  which  are  richly 
vascular  and  thus  officiate  as  breathing-organs.  From  each 
branchial  sac  the  water  is  carried  off  by  a  special  eflferent  duct, 
and  the  six  efferent  ducts  on  each  side  combine  to  form  two 
common  branchial  ducts,  which  open  on  the  ventral  surface 
of  the  body,  far  behind  the  head,  by  a  pair  of  approximated 
branchial  pores  (fig.  338,  /).  On  the  left  side  there  is  also  a 
special  canal  (ductus  oesophago-cutaneus)  which  leads  from  the 
gullet  into  the  common  branchial  duct  on  each  side. 

In  the  Lampreys  there  are  seven  branchial  pouches  on  each 
side,  and  these  open  laterally  on  the  sides  of  the  neck  by  a 
corresponding  number  of  round  apertures  (fig.  336,  B),  each 
gill-sac  thus  having  a  separate  efferent  duct  The  inner  ducts 
of  the  branchial  sacs  of  the  two  sides  open  into  an  unpaired 
common  tube,  which  lies  in  the  middle  line  beneath  the  gullet, 
and  opens  in  front  into  the  pharynx,  while  it  terminates  blindly 
behind.  Though  no  branchial  arches  are  present  in  the  Lam- 
preys, the  gill-sacs  are  supported  by  a  curious  basket -like 
apparatus  of  cartilaginous  rods. 

There  is  no  air-bladder  in  the  Marsipobranchs.  The  heart 
is  of  the  piscine  type,  consisting  of  an  auricle  and  ventricle ; 
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but    the   base    of  the    branchial   artery   is   not   contractile, 
and  there   is  no  proper    arterial    bulb.      The    branches   of 
the  branchial  artery  correspond   in   number  with   the  gill- 
pouches,    and    the    branchial 
veins  unite  to  form  the   sub- 
vertebral  aorta. 

The  alimentary  canal  is  sim- 
ple and  straight;  the  liver  is 
not  sac-like,  but  of  its  ordinary 
form,  and  the  kidneys  are  dis- 
tinct, but  exhibit  various  em- 
bryonic features.  The  sexes 
are  distinct,  and  the  unpaired 
reproductive  glands  are  duct- 
less, the  generative  elements 
being  shed  into  the  abdomen, 
and  escaping  thence  by  a 
"generative  pore"  placed  be- 
hind the  anal  aperture. 

Lastly,  the  Marsipobranchs 
are  peculiar  in  having  a  single 
median  tubular  nasal  sac,  with 
a  correspondingly  unpaired  ex- 
ternal nostril.  In  the  Lam- 
preys, as  in  Fishes  generally, 
the  nasal  sac  does  not  open 
behind  into  the  mouth ;  but  in 
the  Myxinoids  the  nasal  sac 
opens  posteriorly  upon  the  pal- 
ate, and  the  water  required  for 
respiration  is  conducted  into 
the  gullet  through  the  nasal 
cavity. 

The  Marsipobranchs  live  part- 
ly in  the  sea  and  partly  in  fresh 
water,  some  types  frequenting 
salt  water,  but  ascending  rivers 
for  the  purpose  of  spawning. 
No  certain  remains  of  fishes 
belonging  to  this  order  have 
been  discovered  in  a  fossil 
condition. 

The  Marsipobranchs  are  divided  into  the  two  groups  of  the  Lampreys 
(Petromyzontda)  and  the  Hag-fishes  {Myxinida),  In  the  Lampreys,  there 
is  a  complete  circular  sucking  mouth,  armed  with  numerous  homy  teeth 


the  Hag-fish  {Myxitu  gi 

open  on  the  ventral  side  to  show  the 


Anterior  portion  of  the  body  of 
!ag-fish  {Myxint  fltttinosa),  laid 


<r  The  jgullet  laid  open, 
_  e  six  apertures 

by  which  the  water  is  conducted  to  the 


branchial  sacs.    <r  The  eull 

showing  on  each  side  the  six  apertures 


corresponding  branchial  pouches  {g) ; 
d  One  of  the  eflferent  ducts  by  which  the 
water  is  conducted  away  from  the  bran- 
chial pouches ;  c</ Common  efferent  duct 
on  the  left  side,  opening  on  the  ventral 
surface  by  a  branchial  pore  (/) ;  gd 
Special  canal  (ductus  cesophago'cutane- 
us)  developed  on  the  left  side  only,  and 
leading  from  the  gullet  into  the  com- 
mon branchial  duct ;  n  Unpaired  nostril, 
with  its  "barbels";  nt  Opening  of  the 
mouth. 
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(fig.  337).  Eyes  are  present,  the  single  nostril  is  on  the  top  of  the  head, 
and  the  nasal  sac  terminates  blindly  behind.  The  branchial  pouches  are 
seven  in  number  on  each  side,  opening  on  the  side  of  the  neck  by  as  many 
distinct  apertures.  The  great  Sea-lamprey  {Petromyzon  marinus)  <^uits 
the  salt  water  in  spring,  and  ascends  rivers  for  the  purpose  of  spawning. 
The  common  River-lamprey  {Petromyson  Jlumatiiis)  inhabits  fresh  water 
exclusively.  The  Lampreys  feed  principally  on  other  fishes,  to  which 
they  attach  themselves  by  their  suctorial  mouths.  The  young  Lamprey 
passes  through  a  metamorphosis,  being  without  eyes  or  teeth,  and  so  un- 
like the  adult  that  a  special  genus  {Ammocates)  was  founded  on  their  first 
discovery  for  their  reception. 

In  the  Hag-fishes  (Myxinida)  the  mouth  is  without  Ups,  and  furnished 
with  fleshy  filaments  or  "barbels"  (fig.  338,  m).  The  single  external 
nostril  is  placed  at  the  front  of  the  mouth,  and  is  surrounded  by  four 
barbels  (fig.  338,  n) ;  and  the  nasal  sac  opens  behind  upon  the  palate. 
There  are  six  pairs  of  branchial  sacs,  and  in  Myxitu  the  efferent  ducts  of 
these  unite  to  form  two  efferent  ducts  which  open  by  a  pair  of  pores  placed 
some  distance  behind  the  head  upon  the  ventral  surface.  In  the  allied 
genus  Bdellosioma^  the  gill-pouches  have  separate  external  apertures.  The 
eyes  are  hidden  beneath  the  skin,  and  are  without  function.  The  Hag- 
fishes  have  a  single  median  fang  upon  the  palate,  and  by  means  of  this 
they  bore  their  way  into  the  aMominal  cavity  of  other  fishes,  to  which 
they  first  attach  themselves  by  their  suctorial  mouth.  The  common  Ha^- 
fish,  or  "Glutinous  Hag"  {Myxine  gluiinosa)  lives  parasiticalljr  in  this 
way  in  the  interior  of  the  Cod  and  other  allied  fishes.  It  derives  its  com- 
mon name  from  the  great  quantity  of  slimy  mucus  which  it  has  the  power 
of  secreting,  and  it  is  found  in  the  North  Atlantic  generally. 


CHAPTER     XLIX. 

TELEOSTEL 

Order  III.  Teleostei. — This  order  includes  the  great  ma- 
jority of  fishes  in  which  there  is  a  well-ossified  endoskeleton, 
and  it  corresponds  very  nearly  with  Cuvier*s  division  of  the 
"  Osseous  Fishes."  The  Teleostei  are  defined  as  follows : — The 
skeleton  is  usually  well  ossified ;  the  cranium  is  provided  with 
cranial  bones ^  and  a  mandible  is  present ;  whilst  the  vertebral 
column  almost  always  consists  of  more  or  less  completely  ossified 
amphicoelous  vertebra.  The  pectoral  arch  has  a  clavicle ;  and 
the  two  pairs  of  limbs  ^  when  present^  are  in  the  form  of  fins  sup- 
ported by  rays.  The  gills  arefree^  pectinated  or  tufted  in  shape  ; 
a  bony  gill-cover  and  branchiostegal  rays  being  always  developed. 
The  branchial  artery  has  its  base  developed  into  a  bulbus  arteri- 
osus ;  but  this  is  never  rhythmically  contractile,  and  is  separated 
from  the  ventricle  by  no  more  than  a  single  row  of  valves. 
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The  order  Teleostei  comprises  almost  all  the  common  fishes ; 
and  it  will  be  unnecessary  to  dilate  upon  their  structure,  as 
they  were  taken  as  the  types  of  the  class  in  giving  a  general  de- 
scription of  the  Fishes.  It  may  be  as  well,  however,  to  recapit- 
ulate very  briefly  some  of  the  leading  characters  of  the  order. 

The  skeleton,  instead  of  remaining  throughout  life  more  or 
less  completely  cartilaginous,  is  now  always  more  or  less 
thoroughly  ossified.  The  notochord  is  not  persistent,  and  the 
vertebral  column,  though  sometimes  cartilaginous,  consists  of 
a  number  of  vertebrae.  The  bodies  of  the  vertebrae  are  con- 
cave at  both  ends  ("  amphicoelous  "),  the  doubly-conical  cavi- 
ties formed  by  the  apposition  of  the  centra  of  each  successive 
pair  of  vertebrae  being  filled  with  the  gelatinous  remains  of  the 
notochord.  The  skull  is  always  largely  composed  of  distinct 
cranial  bones,  and  a  lower  jaw  or  mandible  is  invariably 
present. 

The  anterior  and  posterior  pairs  of  limbs  are  usually,  but 
not  always,  present,  and  when  developed  they  are  always  in 
the  form  of  fins.  The  fins  may  be  supported  by  "  spinous  "  or 
"  soft "  rays,  of  which  the  former  are  simple  undivided  spines 
of  bone,  whilst  the  latter  are  divided  transversely  into  a  num- 
ber of  short  transverse  pieces,  and  also  are  broken  up  into 
a  number  of  longitudinal  rays  proceeding  from  a  common 
root.  (The  fishes  with  soft  rays  in  their  paired  fins  are 
said  to  be  **  malacopterygious " — those  with  spinous  rays, 
"  acanthopterygious.") 


Fig.  339.— The  Common  Perch  {Perca  Jluviatilis).  o  Gill-cover,  with  the  gilNslit  be- 
hind it  \j^  One  of  the  pectoral  fins,  the  left ;  v  The  left  ventral  fin  ;  d  The  first  dorsal 
fin ;  d  Tne  second  dorsal  fin ;  c  The  caudal  fin  or  tail ;  a  The  anal  fin ;  /  Lateral  line. 

Besides  the  paired  fins,  representing  the  limbs,  there  is  a 
variable  number  of  unpaired  or  azygous  integumentary  expan- 
sions, which  are  known  as  the  "median  fins."    When  fully 
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developed  (fig.  339),  they  consist  of  one,  two,  or  three  fins  on 
the  back — the  "  dorsal "  fins ;  one  or  two  on  the  ventral  sur- 
face— the  "anal"  fins;  and  one  clothing  the  posterior  ex- 
tremity of  the  body — the  "  caudal "  fin.  The  tail-fin  is  equi- 
lobed  and  superficially  quite  symmetrical,  and  is  therefore 
what  is  called  **  homocercal."     As  a  general  rule,  however, 

the  tail  is  in  reality  more  or  less 
"  heterocercal,"  the  termination  of 
the  notochord  being  prolonged  up- 
wards into  its  upper  lobe,  and  the 
haemal  spines  becoming  fused  to 
form  one  or  more  "hypural"  bones, 
to  which  the  fin-rays  are  symmet- 
rically attached.  The  turned -up 
extremity  of  the  notochord  may  in 
such  cases  remain  unossified,  or  its 
sheath  may  become  bony,  and  form 
a  "urostyle,"  which  becomes  am- 
algamated with  the  upper  edge  of 
the  "hypural"  bones.  In  certain 
cases,  the  tail  may  be  "diphycer- 
cal,"  the  termination  of  the  spinal 
column  being  placed  in  the  centre 
of  the  caudal  fin-rays. 

The  h^art  consists  of  two  cham- 
bers, an  auricle  and  a  ventricle, 
and   the   branchial   artery  is   fur- 
nished with   a   bulbus  arteriosus. 
_    The  arterial  bulb,  however,  is  not 

rangement  of  the  gills  in  a  feleo-  fumished  with  a  Special  COat  Of 
stean,  as  seen  in  a  horizontal  sec-  ^4.'„«.^j  .^.,oa,..1«»  £U_^»  :«  — ^«. 
tion  of  the  branchial  chamber  on    Striated      mUSCUlar     fibreS,     IS     HOt 

one  side,  gc  Giiinrover ;  rx  Gill-  rhythmically    contractile,    and    is 

slit ;  be  Common  branchial  cham-  ^     ^     i  t  '   y       -» 

ber ;  Aa  I  to  3a  4  The  first  four  Separated  from  the  vcntncle  by 
S!i'*;l2^X''rd ou-bt^  *.:  ««  ^ore  than  a  single  row  of  valves. 

of  branchial    lamina,   the  fourth  The  resptrutory  OrgUHS  (fig.  340) 

T^'"r^^^^x^'m^'^^^d  consist  of  free,  pectinated,  or  tufted 
»ch("ioferiorpharvngeai"bone),  branchiae,  situatcd  in  two  branchial 

which  camcs  no  gills ;  or  Pseudo-       .         .        '  1       /*      «  •   « 

branchia  or  ''opercular  gill,"  de-  Chambers,  each  of  which  communi- 
gir4:l!"-S.Vrrw?rho°itt  cates  imemally  with  the  pharynx 
passage  of  the  water  through  the  by  a  series  of  clcfts,  and  opens  ex- 

WncRial  fissures  and  out  by  the    ^^^^jj^    ^^    ^^^    ^j^^    ^^   ^^^    ^^^^ 

by  a  single  aperture  (or  "gill-slit"), 
which  is  protected  in  front  by  a  bony  gill -cover  (fig.  340, 
gc\  and  is  also  closed  by  a  "  branchiostegal  membrane," 
supported  upon  "branchiostegal  rays."     The  branchiae  are 


Fig.  340. — Diagram  to  show  the  ar< 
;ofr 
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attached  to  a  series  of  bouy  branchial  arches  (generally 
five  on  each  side,  but  only  the  anterior  four  bearing  gills). 
All  the  four  anterior  arches  may  carry  each  a  double  row 
of  branchial  laminae,  but  very  commonly  the  fourth  arch 
carries  only  a  single  row  (fig.  340,  ba  4),  or  may  be  desti- 
tute of  a  gill.  The  fifth  branchial  arch  {ba  5)  is  without  gills, 
and  is  reduced  to  its  ceratobranchial  piece,  which  carries 
teeth,  and  is  termed  the  "inferior  pharyngeal  bone."  A 
"  pseudobranchia "  (p^  is  generally  developed  on  the  inner 
face  of  the  gill-cover,  but  it  has  no  respiratory  function. 

The  nasal  sacs  never  communicate  posteriorly  with  the 
cavity  of  the  pharynx. 

The  exoskeleton  usually  has  the  form  of  overlapping  homy 
scales  of  the  cycloid  or  ctenoid  character ;  but  it  is  sometimes 
absent,  sometimes  composed  of  scattered  plates  of  true  bone, 
sometimes  ganoid,  and  sometimes  formed  of  shagreen-like 
bony  spines. 

The  stomach  is  capacious ;  pyloric  caeca  are  mostly  present ; 
the  intestine  has  no  spiral  valve ;  and  the  rectum  usually  opens 
separate  from  and  in  front  of  the  genital  and  urinary  apertures. 
The  air-bladder  may  or  may  not  be  present,  and  may  or  may 
not  communicate  with  the  gullet.  The  kidneys  are  well  de- 
veloped, and  the  ureters  unite  to  open  by  a  single  median 
aperture  placed  in  the  middle  line  behind  the  anus.  The 
ducts  of  the  reproductive  glands  are  directly  continuous  with 
the  glands  themselves,  and  open  by  a  common  aperture  just 
in  front  of  the  single  urinary  opening.  In  the  females  of  the 
Salmonida  alone  the  ova  are  shed  into  the  abdomen,  and 
escape  by  an  abdominal  pore;  while  in  the  MurcBnida  the 
reproductive  glands  of  both  sexes  are  without  efferent  ducts. 

The  Teleostean  Fishes  are  by  far  the  most  abundant  repre- 
sentatives of  the  class  Pisces  at  the  present  day,  but  they  are 
not  known  to  have  come  into  existence  at  all  during  the  Palae- 
ozoic or  the  earlier  portion  of  the  Mesozoic  period.  The 
earliest  undoubted  remains  of  Teleostean  fishes  have  been 
detected  in  rocks  of  Cretaceous  age;  but  as  many  generic 
forms  appear  here,  and  as  a  number  of  these  are  closely  allied 
to  existing  types,  it  may  be  safely  concluded  that  the  first 
appearance  of  the  Teleosteans  was  at  some  period  long  anterior 
to  the  deposition  of  the  Chalk. 

The  order  of  the  Tekostei  is  divided  into  the  following  sub- 
orders : — 

Sub-order  A.  Malacopteri,  Owen  ( =  Physostomi^  Miiller). 
— This  sub-order  is  defined  by  usually  possessing  a  complete 
set  of  fins,  supported  by  rays,  all  of  which  are  "  soft^^  or  many- 
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jointed,  with  the  occasional  exception  of  the  first  rays  in  the 
dorsal  and  pectoral  fins.  A  swim-bladder  is  generally  present, 
and  when  present,  always  communicates  with  the  oesophagus 
by  means  of  a  pneumatic  duct.  The  skin  is  rarely  naked,  and 
is  mostly  furnished  with  cycloid  scales;  but  in  some  cases 
ganoid  plates  are  present. 

In  a  number  of  Malacopterous  Fishes — ^hence  called  Apoda — the  ventral 
fins  are  wanting.  Examples  of  such  forms  are  the  Eels  (Muranida)^  in 
which  the  body  is  elongated  and  cylindrical,  with  a  naked  skin,  or  having 
minute  scales  deeply  sunk  in  the  skin.  The  common  Eels  {Anguilla)  de- 
posit their  spawn  in  the  sea,  whither  the  adults  migrate  at  certain  seasons ; 
and  the  young  again  make  their  way  from  the  sea  into  rivers.  The  Conger- 
eels  are  exclusively  marine  in  their  habits.  Allied  to  the  true  Eels  is  the 
great  Electric  Eel  {Gymnoius  eUctricus)  of  South  America,  which  has  the 
power  of  generating  electricity  by  means  of  special  organs. 

In  a  second  section  of  the  Afalacopteri — hence  called  Abdominalia — 
ventral  fins  are  present,  their  position  being  ''abdominal" — i.^.,  placed 
far  back  towards  the  hinder  end  of  the  body.  In  this  section  are— (i)  the 
ClupeidcB  or  Herrings,  comprising  the  true  Herrings  {Clupeus  harenga)^ 
the  Sprat,  Anchovy,  &c.  (2)  The  Esocida,  or  Pike  family,  typified  by 
the  common  Pike  (Esox  lucius).  (3)  The  Cyprinida^  comprising  the  com- 
mon Carp  (Cyprinus  carpio\  the  Roach  and  Chub  {Leuciscus  rutilus  and 
Z.  cephalus)^  the  Minnow  {Fhoxinus  Iteins),  and  many  other  familiar  fishes. 
(4)  The  Salmonida,  comprising  the  Salmon  (Salmo  salar),  the  common 
Trout  (S./ario),  the  Sea-trout  (S,  trutta),  the  Smelt  (Osmerus  eperlantis)^ 
&c  (5)  The  Silurida,  or  **  Sheat-fishes,"  in  which  the  skin  is  scaleless, 
or  furnished  with  bony  scutes.  In  various  forms  of  this  family  the  first 
spine  of  the  pectoral  fins,  as  also  oflen  that  of  the  dorsal  fin,  is  in  the  form 
of  a  powerful  pointed  spine.  A  well-known  example  of  this  family  is  the 
great  Silurus  giants  of  the  fresh  waters  of  Central  and  Eastern  Europe. 
The  common  "  Cat-fishes"  of  North  America  also  belong  to  this  family. 

Sub-order  B.  Anacanthini. — This  sub-order  is  distin- 
guished by  the  fact  that  the  fins  are  entirely  supported  by 
"  soft "  rays,  and  never  possess  "  spiny  "  rays ;  whilst  the  ven- 


Fig.  341.- The  Cod  (Gadns  morrhua). 

tral  fins  are  either  wanting,  or,  if  present,  are  placed  under  the 
throat,  beneath  or  in  advance  of  the  pectorals,  and  supported 
by  the  pectoral  arch.     The  swim-bladder  may  be  wanting,  but 
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when  present  it  does  not  communicate  with  the  oesophagus  by 
a  duct. 

Leaving  out  of  sight  the  small  group  represented  by  forms  such  as  the 
Sand-eels  {Ammodytes\  in  which  ventral  fins  are  wanting  or  rudimentary, 
the  AfMcanthini  possess  ventral  fins  which  are  "jugular"  in  position. 
These  more  typical  Anacanthinous  fishes  (Sub-brachiata)  comprise  the  two 
principal  famiUes  of  the  Gadida  and  Pleuronectidct,  The  members  of  the 
Cod  family  {fiadidat)  are  very  numerous,  and  they  are  almost  entirely 
confined  to  the  sea.  Among  the  best-lcnown  types  are  the  Cod  (Gadus 
tnorrhuay  fig.  341),  the  Haddock  {G,  <Bglefinus\  the  Whiting  (G,  mer- 
langus),  and  the  Coal-fish  (G,  viseus). 

In  the  group  of  the  PUuranectida  or  ''Flat-fishes"  are  comprised  the 
Vlaic^  {Plmronectes  plaiessa),  the  Flounder  {P.  JUsus\  the  Soles  {SoUa\ 
the  Turbot,  BriU,  &c.  {Rhombus\  the  Halibut  (Hipfoghssus  vulgaris)^  and 
many  other  allied  forms,  all  of  which  are  distinguished  b^r  a  very  curious 
modification  in  the  form  of  the  body.  The  body,  namely,  in  all  the  Flat- 
fishes (fig.  342)  is  very  much  compressed  from  side  to  side,  and  is  bordered 


Fig.  342.— Pleuronectidx  {Rhmitbut  ^nctahu).    Natural  size  (after  Gosse). 


by  long  dorsal  and  anal  fins.  When  young,  the  body  is  symmetrical,  the 
eyes  are  bilaterally  situated,  and  the  animal  swims  in  a  vertical  position. 
Soon,  the  habit  of  lying  on  one  side  (sometimes  the  right,  but  more  com- 
monly the  left,  side)  is  commenced,  and  then  the  eye  upon  the  lower  side 
is  gradually  translated  to  the  upper  side  of  the  head ;  this  translation  being 
effected  by  an  actual  movement  of  the  lower  eye,  by  which  it  passes  through 
the  at  that  time  soft  tissues  of  the  head,  or  by  a  partial  twisting  of  the 
cranial  bones.  When  adult,  both  eyes  are  situated  upon  one  side  of  the 
head  (fig.  342),  and  the  fish  now  keeps  this  side  uppermost,  and  is  dark- 
coloured  on  this  aspect ;  whilst  the  opposite  side,  on  which  it  rests,  is 
white.  From  this  habit  of  the  Flat-fishes  of  resting  upon  one  flat  surface, 
the  sides  are  often  looked  upon  as  the  dorsal  and  ventral  surfaces  of  the 
body.  This,  however,  is  erroneous,  as  they  are  shown  by  the  position  of 
the  paired  fins  to  be  truly  the  lateral  surfaces  of  the  body.  The  mouth  has 
its  two  sides  unequal,  the  pectorals  are  rarely  of  the  same  size,  the  ventreds 
look  like  a  continuation  ot  the  anal  fin,  and  the  branchiostegal  rays  are  six 
in  number. 

Sub-order  C.  Acanthopteri. — This  sub-order  is  charac- 
terised by  the  fact  that  one  or  more  of  the  first  rays  in  the 
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fins  are  in  the  form  of  true,  unjointed,  inflexible, "  spiny"  rays. 
The  exoskeleton  consists,  as  a  rule,  of  ctenoid  scales.  The 
ventral  fins  are  generally  beneath  or  in  advance  of  the  pecto- 
rals, and  the  duct  of  the  swim-bladder  is  invariably  obliterated. 

The  sub-order  of  the  AcantKopterous  fishes  includes  the  two  tribes  of 
the  PharyngDgfuithi  and  the  Atunthopteri  veri.  In  the  former  of  these  the 
inferior  pharyngeal  bones  become-  anchylosed  so  as  to  form  a  single  bone, 
which  is  usually  armed  with  teeth.  The  scales  may  be  of  the  ctenoid 
or  cycloid  t3rpe.  The  principal  family  included  under  the  tribe  of  the 
Pharyngognathi  is  that  of  the  **  Wrasses"  {Ladrufa),  in  which  the  scales 
are  of  the  cycloid  character.  Many  forms  belonging  to  this  group  are 
known,  living  in  shallow  water  in  temperate  and  tropical  seas. 

In  the  tribe  of  the  Acanthopteri  veri,  the  inferior  pharyngeal  bones 
remain  distinct,  and  are  not  anchylosed  with  one  another.  In  this  very 
extensive  group  are  comprised  a  number  of  families,  of  which  the  follow- 
ing are  the  most  important : — (i)  The  Perch  family  (Pera'da:),  comprising 
the  common  Perch  {PercafluvicUilis\  the  "  Bass  "  {Ladrax),  the  Stickle- 
backs (GasUrosteus)y  &c.  The  members  of  the  Perch  family  are  sometimes 
marine,  sometimes  fresh-water  in  habit ;  their  scales  are  of  the  ctenoid 
t)rpe ;  and  they  commonly  have  the  edge  of  the  operculum  and  praeoper- 
culum  variously  armed  with  spines.  (2)  The  Mullet  family  {Mugiluia). 
(3)  The  Sea-breams  (Sparida).  (4)  The  Mackerel  family  (Scombericla)^ 
comprising  the  common  Mackerels  {Scomber\  the  Tunny  (Thynnus  thyn- 
nus)  and  "Bonito"  {T,  pelamys),  and  the  Sucking-fishes  {Echemis).  (5) 
The  Sword-fishes  {Xiphiida\  in  which  the  upper  jaw  is  produced  into  a 
long  sword-like  weapon.  The  common  Mediterranean  Sword-fish  {XipAias 
gladius)  grows  to  a  length  of  twelve  feet  or  more.  (6)  The  Goby  family 
(Gobnda)^  including  the  true  "Gobies"  (Gobius)^  and  the  Dragonets  (Cal- 
lionymus).  (7)  The  Cotiida,  comprising  the  little  "Bullhead"  {Coitus 
gobio)  of  streams,  and  the  "  Father- lasher  "  (C.  scorpio)  of  our  coasts,  to- 
gether with  the  Gurnards  ( Trigia)  and  other  allied  types.  (8)  The  BUn- 
niidccy  comprising  the  Blennies  (Blennius),  the  Viviparous  Blennies 
(Zoarces\  and  the  Wolf-fishes  (Anarrhicas).  (9)  The  Pediculaiiy  or 
"  Angler "  family,  of  which  the  common  "Fishing-frog"  {Lophius  pisca- 
tortus)  is  a  good  example. 

Sub-order  D.  Plectognathi. — This  sub-order  is  charac- 
terised by  the  fact  that  the  maxillary  and  prsemaxillary  bones 
are  immovably  connected  on  each  side  of  the  jaw.  The  endo- 
skeleton  is  only  partially  ossified,  and  the  vertebral  column 
often  remains  permanently  cartilaginous.  The  exoskeleton  is 
in  the  form  of  ganoid  plates,  scales,  or  spines.  The  ventral 
fins  are  generally  wanting,  and  the  air-bladder  is' destitute  of  a 
duct 

The  most  remarkable  fishes  of  this  section  are  the  Trunk-fishes  (Ostraci- 
ontida)f  in  which  the  body  is  entirely  enclosed,  with  the  exception  of  the 
tail,  in  an  immovable  case,  composed  of  large  ganoid  plates,  nrmly  united 
to  one  another  at  their  edges. 

Besides  the  Trunk-fishes,  this  section  also  includes  the  File-fishes  {Baiis' 
tida)  and  the  Globe-fishes  {Gymnodontida), 
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Sub-order  E.  Lophobranchii. — This  is  a  small  and  unim- 
portant group,  mainly  characterised  by  the  peculiar  structure 
of  the  gills,  which  are  arranged  in  little  tufts  upon  the  branch- 
ial arches,  instead  of  the  comb-like  plates  of  the  typical  Bony 
Fishes.  The  endoskeleton  is  only  partially  converted  into 
bone,  and  the  exoskeleton,  by  way  of  compensation,  consists 
of  ganoid  plates.    The  swim-bladdeif  is  destitute  of  an  air-duct. 

The  singular  Sea-horses  {ffippocampida)^  now  kept  in  most  of  our  large 
aquaria,  belong  to  this  sub-order,  but  the  only  point  about  them  which  re- 
quires notice  is  the  curious  fact  that  the  males  in  this  family  are  provided 
with  a  sort  of  marsupial  pouch,  into  which  the  eggs  are  placed  by  the 
female,  and  to  which  the  young,  when  hatched,  can  retire  if  threatened 
by  any  danger.  This  singular  cavity  is  only  found  in  the  males,  and  is 
situated  at  the  base  of  the  tail.  In  the  allied  genus  Solenostoma  the 
female  fish  has  a  brood-pouch  formed  out  of  the  ventral  fins,  in  which  the 
eggs  are  carried.  More  familiar  than  the  Sea-horses  are  the  Pipe-fishes 
(SyngfuUhida)^  of  which  one  species  occurs  commonly  on  our  shores. 
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GANOIDEL 

Order  IV.  Ganoidei. — The  fourth  order  of  fishes  is  the  large 
and  important  one  of  the  Ganoid  fishes,  represented,  it  is  true, 
by  few  living  forms,  but  having  an  enormous  development  in 
past  geological  epochs.  For  this  reason  the  study  of  the 
Ganoid  fishes  is  one  which  claims  considerable  attention. 

By  Dr  Giinther  the  Ganoids  are  included  with  the  Elasmo- 
branchs  in  a  primary  division  of  Fishes  to  which  the  name  of 
Palceichthyes  is  given,  and  which  is  defined  by  the  possession 
of  a  rhythmically  contractile  bulbus  arteriosus,  the  presence  of 
a  spiral  valve  in  the  intestine,  and  the  fact  that  the  optic 
nerves  either  do  not  decussate,  or  do  so  only  very  partially. 
The  same  high  authority  regards  the  Dipnoous  Fishes  as  con- 
stituting a  sub-order  of  the  Ganoids. 

The  order  Ganoidei  may  be  defined  by  the  following  char- 
acters :  The  skeleton  is  cartilaginous  or  ossified^  and  there  are 
distinct  cranial  bones,  or  the  cartilaginous  cranium  is  invested  by 
membrane-bones.  The  exoskeleton  is  in  the  form  of  ganoid  scales 
or  shields,  or  the  skin  is  naked.  Both  pairs  of  limbs  are  present, 
and  the  ventral  fins  are  abdominal  in  position.  The  caudal  fin 
is  generally  heterocercal,  but  may  be  diphy cereal,  A  swim-bladder 
is  always  present,  and  has  a  pneumatic  duct.     The  intestine  is 
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furnished  with  a  spiral  valve.  The  gills  are  free,  and  there  is  a 
single  gill-slit  on  each  side^  protected  by  a  gill-cover.  The  buldus 
arteriosus  is  furnished  with  a  special  muscular  coat,  is  rhythmi- 
cally contractile,  and  is  provided  with  several  transverse  rows  of 
valves. 

The  condition  of  the  endoskeleton  varies  greatly  in  different 
Ganoids.  In  some  forms,  such  as  the  Sturgeons  and  many 
extinct  types,  the  notochord  is  persistent,  and  exhibits  no 
vertebral  segmentation  beyond  the  presence  of  neural  and 
haemal  arches.  In  such  forms,  the  cartilaginous  cranium  is 
more  or  less  largely  protected  by  membrane -bones.  In  all 
the  living  Ganoids  except  the  Sturgeons,  the  notochord  is 
more  or  less  completely  ossified,  Polypterus  and  Amia  having 
amphiccelous  vertebrae,  while  in  the  Bony  Pike  (Lepidosteut) 
the  vertebral  centra  are  opisthocoelous,  or  concave  behind 
and  convex  in  front.  This  is  the  highest  point  of  development 
reached  in  the  vertebral  column  of  any  Fish.  The  tail  of  the 
Ganoids  is  generally  heteroceral,  the  vertebral  column  being 
prolonged  into  the  upper  lobe,  as  in  Lepidosteus  (fig.  343,  A), 


Fig.  34^.— A,  Lepidasieits  asseut,  the  "  Gar-Pike  *'  of  the  American  Lakes.  B,  As^- 
darkynckust  restored  (after  Agassix) ;  a  Jurassic  Ganoid  allied  to  Lepidost€u$t  but 
having  a  diphycercal  tail. 

or,  more  markedly,  in  the  Sturgeons.  In  other  cases,  as  in 
Polypterus  (fig.  344,  A),  the  tail-fin  is  diphycercal,  as  it  is  also 
in  many  extinct  types  (fig.  343,  B). 

Both  pairs  of  limbs  are  present  in  all  recent  Ganoids,  and 
the  ventral  fins  are  placed  far  back,  in  the  neighbourhood  of 
the  anus.  In  the  living  Polypterus  (fig.  344,  A),  and  in  various 
extinct  Ganoids,  the  fin-rays  of  the  paired  fins  are  arranged  so 
as  to  form  a  fringe  round  a  central  scaly  lobe.  Such  forms 
have  been  termed  by  Professor  Huxley  Crossopterygidee,  or 
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"  Fringe-finned  "  Ganoids.  In  many  Ganoids  the  first  rays  of 
certain  of  the  fins,  and  particularly  of  the  caudal  fin,  are  fur- 
nished with  one  or  two  rows  of  little  spine-like  bones  ("fiil- 
cra  ")  placed  along  their  upper  edges. 

The  exoskeleion  may  be  wanting  (as  in  Folyodon\  but  the 
body  is  generally  protected  by  scales  of  the  "  ganoid  '*  char- 
acter, that  is  to  say,  scales  formed  of  bone  inferiorly  and  cov- 
ered by  enamel  superficially.  These  scales  are  often  oblong 
or  lozenge-shaped,  and  do  not  overlap,  but  are  arranged  in 
oblique  rows,  each  scale  articulating  with  the  ones  above  and 
below.     The  recent  Polypterus  and  Lepidosieus  (figs.  343,  344) 


Fig.  344-— Ganoid  Fishes.  A,  PolypUru*;  B,  OsteoUpis  (extinctX  «  One  of  the  pec- 
toral fins,  showing  the  fin-rays  arranged  round  a  central  lobe ;  b  One  of  the  ventral 
fins ;  c  Anal  fin  ;  d  Dorsal  fin  ;  tP  Second  dorsal  fin. 

exhibit  this  type  of  scales,  and  it  is  seen  in  many  fossil  forms. 
In  Amta^  on  the  other  hand,  the  scales  are  round  and  over- 
lap one  another.  Lastly,  in  forms  like  the  Sturgeons,  scales 
are  wanting,  and  the  body  is  furnished  with  detached  bony 
plates  or  scuta. 

With  regard  to  the  structure  of  the  respiratory  organs,  the 
Ganoids  agree  essentially  with  the  Bony  Fishes.  They  all 
possess  ^tftf  pectinated  gills,  attached  to  branchial  arches,  and 
enclosed  in  a  branchial  chamber,  which  is  protected  by  an 
operculum,  and  is  closed  by  a  branchiostegal  membrane, 
usually  supported  by  branchiostegal  rays. 

There  are  four  complete  or  biserial  gills  in  the  Sturgeons  and  Bony  Pike, 
but  only  three  complete  gills  and  one  uniserial  gill  in  Polypterus.  In  the 
two  former  of  these  there  is  also  an  additional  half-gill  ("opercular"  or 
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''hyoidean"  gill)  developed  on  the  inner  face  of  the  operculum.  The 
Sturgeon  (Acipenser)  and  Polypterus  have  "spiracles,"  or  apertures  placed 
on  the  top  of  the  head  and  communicating  with  the  pharynx.  These 
spiracles  represent  an  anterior  gill-slit,  and  in  the  Sturgeons  we  find  within 
the  spiracle  the  remains  of  a  gill  in  the  form  of  a  "  pseudobranchia/'  or 
false  gill,  which  only  receives  arterialised  blood,  and  has  no  function  in 
the  adulL  In  Polypterus  both  the  hyoidean  gill  and  spiracular  pseudo- 
branchia  are  wanting. 

The  swim-bladder  \^  always  present,  and  always  communi- 
cates with  the  oesophagus  or  stomach  by  a  "  pneumatic  duct," 
as  in  the  Physostomous  Teleosteans.  The  swim-bladder  of 
Amia  is  cellular  and  lung-like ;  and  that  of  Polypterus  is  not 
only  double,  but  has  its  duct  opening  into  the  ventral  side  of 
the  gullet,  instead  of  dorsally,  as  in 
Fishes  generally. 

In  the  structure  of  the  heart  the 
Ganoids  resemble  the  Elasmobranchs, 
and  differ  from  the  Bony  Fishes.  The 
special  peculiarity  of  the  so-called 
"  Ganoid  type  "  of  heart  is  that  the  first 
portion  of  the  arterial  bulb,  or  base  of 
the  branchial  artery,  is  furnished  with 
a  special  stratum  of  striated  muscular 
fibres,  by  which  it  is  enabled  to  con- 
tract rhythmically,  and  thus  to  act  as  a 
continuation  of  the  heart.  Not  only 
is  this  the  case,  but  it  is  furnished  in 
its  interior  with  several  transversely- 
arranged  rows  of  valves  (fig.  345,  e-g)^ 
in  place  of  the  single  pair  of  valves 
which  separates  the  ventricle  from  the 
arterial  bulb  in  the  Teleosteans.  This 
muscular,  contractile  bulb,  with  its 
numerous  internal  valves,  is  usually 
open,  ca  Basal  portion  of  spokcn  of  as  a  coHus  artertosuSy  to  dis- 
the  arterial  bulb  (jwtw  tiuguish  it  from  the  simple,  thin-walled 
"bulbus  arteriosus"  of  the  Bony  Fishes. 
As  regards  their  alimentary  canaly  the 
only  special  point  to  notice  is  the  pres- 
ence in  the  intestine  of  the  so-called 
•'spiral  valve " — 1.^.,  of  a  spiral  redupli- 
cation of  the  mucous  membrane  which  winds  round  the  in- 
terior of  the  tube.  In  the  Bony  Pike,  however,  the  spiral 
valve  is  rudimentary.  It  may  further  be  noted  that  the  in- 
testine does  not  terminate  in  a  ''cloaca.'' 

The  reproductive  organs  of  the  Ganoids  are  peculiar  in  the 


Fig.  345. — Base  of  the  bran- 
chial  artery  of  the    "" 
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arteriosiu\  with  its  thick 
ened  muscular  wall,  its 
transverse  rows  of  valves 
ie-g)f  w  Valve  between  the 
ventricle  and  the  c0hms  ar- 
teriosus  ;  A  and  k  The  first 
two  branchial  arteries. 
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fact  that,  except  in  LepidostetiSy  the  generative  ducts  are  not 
directly  continuous  with  the  generative  glands,  but  terminate 
in  funnel-shaped  internal  openings  into  which  the  ova  and 
spermatozoa  escape  by  dehiscence.  The  generative  ducts 
open,  along  with  the  urinary  ducts,  by  a  common  aperture 
placed  in  the  middle  line  behind  the  anus,  a  pair  of  "  abdom- 
inal pores  "  intervening  between  the  two. 

As  regards  their  distribution  in  space,  there  are  at  the  present 
day  only  seven  known  easting  genera  of  Ganoids — viz.,  Lepi- 
dosteuSy  Folypterus,  Calamoichthys,  Amia,  Acipensery  Scaphi- 
rhynchus,  and  Folyodon  {Spatularia) — all  of  which  are  found 
only  in  the  northern  hemisphere,  and  are  wholly  or  partially 
confined  to  fresh  water. 

On  the  other  hand,  as  regards  their  distribution  in  time,  the 
Ganoids  exhibit  a  marvellous  development  in  the  earlier 
periods  of  the  earth's  history,  beginning  to  decline  in  numbers 
when  the  Secondary  period  is  reached,  and  becoming  gradu- 
ally fewer  and  fewer  in  the  Tertiaries.  A  large  number  of 
families  of  Ganoids  are  wholly  extinct,  and  have  no  repre- 
sentatives at  all  at  the  present  day.  One  of  the  most  remark- 
able of  these  groups  of  extinct  Ganoids  is  that  of  the  Ostra- 
costei  or  "  Placoderms  " — a  group  which  is  further  of  interest 
as  comprising  the  earliest  known  remains  of  Fishes  which  have 
been  as  yet  brought  to  light.  In  this  ancient  family,  the  head 
and  anterior  part  of  the  body  were  incased  in  large  bony  plates, 
partially  enamelled,  and  superficially  sculptured ;  and  the  noto- 
chord  was  persistent.  All  the  Placoderms  are  either  Silurian 
or  Devonian,  and  well-known  genera  are  Pteraspis^  Cephalaspis, 
CoccosteuSy  and  Pterichthys-  The  remaining  families  of  fossil 
Ganoids  for  the  most  part  approach  more  nearly  to  living 
forms,  and  are  generally  of  the  "  Lepidoganoid  "  type,  having 
the  body  clad  with  ganoid  scales  like  those  of  the  recent 
Lepidosteus  and  Folypterus.  The  Palaeozoic  Ganoids  have  all 
"  heterocercal "  tails ;  and  forms  with  "  diphycercal "  tails  do 
not  appear  till  the  Secondary  period  is  reached.  Fossil  Stur- 
geons (Acipenser)  occur  in  the  Eocene  Tertiary ;  and  the  allied 
group  of  the  Paddle-fishes  is  represented  by  the  genus  Chan- 
drosteus  in  rocks  as  early  as  the  Lias. 

Among  the  living  Ganoids,  the  Sturgeons  {Acipenserida)  are  characterised 
by  the  possession  of  rows  of  large  bony  shields  on  the  body  (fig.  326),  the 
tail  being  very  heterocercal,  the  mouth  toothless,  the  notochord  persistent, 
and  the  head  covered  with  dermal  bones.  The  Sturgeons  are  large  fishes 
which  inhabit  the  rivers  or  seas  of  the  north  temperate  zone.  As  they 
deposit  their  spawn  in  rivers,  they  may  be  considered  as  essentiallv  fresh- 
water fishes.  They  are  of  commercial  importance,  as  isinglass  is  obtained 
from  their  air-bladder,  while  the  roe  is  largely  used  as  a  delicacy  under  the 


572  MANUAL  OF  ZOOLOGY. 

name  oi  caviare.  Allied  to  the  true  Sturgeons  is  the  gertMsScapkirkynchuSt 
including  fresh-water  fishes,  of  which  the  Shovel-nosed  Sturgeon  of  the 
Mississippi  basin  is  the  best  known.  Other  species  occur  in  Central  Asia. 
Abo  nearly  allied  to  the  Sturgeons  are  the  Paddle-fishes  {Pofyodan  or 
Spatularid)^  in  which  the  skin  is  naked  or  furnished  with  minute  bony 
plates,  and  the  snout  is  prolonged  into  a  long  paddle-shaped  flexible  pro- 
cess. The  Paddle-fishes  are  of  very  large  size,  one  species  inhabiting  the 
Mississippi,  while  another  is  found  in  the  great  rivers  of  China. 

The  genus  Polypterus^  with  a  single  living  species  (the  P,  bichir  of  the 
rivers  of  tropical  Africa),  is  the  type  of  another  group  of  Ganoids.  The 
scales  in  Pofypterus  are  rhomboidal,  and  arranged  in  transverse  rows  (fig. 
344,  A),  the  dorsal  fin  is  broken  up  into  a  number  of  finlets,  each  with  a 
spine  in  front,  and  the  tail  is  diphycercaL  The  pectoral  fins  have  a  scaly 
axis,  and  are  thus  of  the  Crossopterygious  type.  The  genus  CalamoichihySf 
of  Old  Calabar,  is  closely  related  to  Pofypterus,  but  ventral  fins  are 
wanting. 

Another  family  of  recent  Ganoids  is  represented  by  the  so-called  "  Mud- 
fish *'  (Amia  caiva)  of  the  fresh  waters  of  North  America,  in  which  the 
scales  are  rounded  and  overlap  one  another.  The  swim-bladder  oiAtnia 
is  cellular,  and  can  apparently  be  used  as  an  organ  of  aerial  respiration. 

Lastly,  another  family  of  existing  Ganoids  is  represented  by  the  so-called 
"  Bony  Pikes  "  or  "  Gar-pikes  "  {Lepidosteida:)  of  the  fresh  waters  of  North 
America  and  Cuba.  The  best -known  species  of  the  genus  Lepidosteus, 
which  alone  forms  this  family,  is  the  Lepidosteus  osseus  of  the  United  States. 
The  scales  in  this  genus  (fig.  343)  are  rhomboidal  and  enamelled,  and  are 
arranged  in  oblique  transverse  rows.  The  skeleton  is  completely  ossified, 
and  the  vertebrae  have  opisthocoelous  centra,  while  the  tail  is  heterocercal. 
The  air-bladder  is  cellular,  and,  as  in  the  case  of  Amia,  seems  to  be  capa- 
ble of  acting  as  a  lung. 


CHAPTER    LL 

ELASMOBRANCHII  AND  DIPNOI. 

Order  V.  Elasmobranchii  {  =  Selachii^  Miiller;  Placoidei^ 
Agassiz ;  Holocephali  and  Plagiostomi^  Owen). — This  order  in- 
cludes the  Sharks,  Rays,  and  Chimaerse,  and  corresponds  with 
the  greater  and  most  typical  portion  of  the  Chondropterygidaox 
Cartilaginous  fishes  of  Cuvier.  The  order  is  distinguished  by 
the  following  characters :  The  skull  and  lower  jaw  are  well 
developedy  but  there  are  no  cranial  bones^  and  the  skull  consists 
of  a  single  cartilaginous  box^  without  any  indication  of  sutures. 
The  vertebral  column  is  sometimes  composed  of  distinct  vertebra^ 
sometimes  cartilaginous  or  sub-notochordaL  The  exoskeleton  is  in 
the  form  of  placoid  granules^  tubercleSy  or  spines.  There  are  two 
pairs  offtnsy  representing  the  limbSy  and  supported  by  cartilaginous 
fin-rays  ;  and  the  ventral  fins  are  placed  far  back  near  the  anus. 
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Thepectcral  arch  has  no  clavicle.  The  heart  consists  of  a  single 
auricle  and  ventricle^  and  the  bulbus  arteriosus  is  rhythmically 
contractile^  is  provided  with  a  special  coat  of  striated  muscular 
fhresy  and  is  furnished  with  several  transverse  rows  of  valves. 
The  gills  are  pouch-like.     The  intestine  has  a  spiral  valve. 

The  exoskeleton  of  the  Elasmobranchs  is  of  what  Agassiz 
termed  the  "placoid"  type,  consisting  not  of  proper  scales, 
but  of  calcified  dermal  papillae,  which  do  not  form  a  continu- 
ous covering.  In  some  cases  the  skin  is  naked,  but  the  exo- 
skeletal  structures  usually  have  the  form  of  detached  grains, 
tubercles,  or  spines  of  bony  or  dentinal  matter,  commonly 
having  the  microscopic  characters  of  teeth.  In  the  so-called 
"  shagreen  "  of  the  Dog-fishes  and  Sharks,  the  exoskeleton  is 
composed  of  very  small  and  close-set  tooth-like  processes  (fig. 
317,  //.)  In  other  cases  again,  as  in  the  Thomback  Rays  and 
Spinous  Shark,  the  dermal  ossifications  have  the  form  of  a 
bony  disc,  from  the  upper  surface  of  which  springs  a  sharp 
recurved  spine  of  dentine  (fig.  317,  c). 

The  endoskeleton  of  the  £Iasmo*branchs  is  essentially  cartila- 
ginous, and  for  this  reason  the  name  of  Chondropterygii  is  often 
given  to  the  order.  The  condition  of  the  axial  skeleton  is 
very  varied,  the  notochord  being  in  some  cases  persistent  and 
unconstricted,  whereas  in  other  forms  complete  vertebral  seg- 
mentation occurs.  In  this  latter  case,  as  in  Sharks  and  Rays, 
the  vertebral  centra  are  more  or  less  hardened  by  the  deposi- 
tion of  lime-salts  in  the  primitive  cartilage.  The  extremity  of 
the  vertebral  column  is  usually  bent  upwards,  so  that  the  tail 
is  markedly  heterocercal  (fig.  347,  A) ;  but  in  a  few  cases  the 
tail  is  diphycercaL  The  skull  is  always  a  cartilaginous  cap- 
sule, without  divisions ;  and  the  cartilaginous  mandible  is  at- 
tached to  the  side  of  the  skull  by  a  movable  suspensorium. 
There  are  from  five  to  seven  cartilaginous  branchial  arches, 
but  these  are  attached  superiorly  to  the  front  part  of  the 
vertebral  column. 

The  pectoral  arch  is  not  connected  with  the  skull,  and  the 
pectoral  fins  are  well  developed.  The  ventral  fins  are  placed 
far  back,  and  the  pelvic  arch  carries  in  the  males  a  pair  of 
special  external  copulatory  organs  known  as  the  "claspers." 

The  respiratory  organs  of  the  Elasmobranchs  differ  from 
those  of  the  Teleosteans  and  Ganoids  in  the  fact  that  the  bran- 
chiae are  contained  in  a  series  of  pouches  (almost  always  five 
in  number)  on  each  side  of  the  neck,  each  pouch  having  a 
separate  internal  opening  into  the  pharynx,  and  a  separate 
external  opening  or  gill-slit  (fig.  347,  A).  The  branchiae  are 
thus  not  contained  in  a  common  branchial  chamber  on  each 
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side,  nor  is  there  a  gill-cover  closing  a  single  gill-slit.  The 
mode  in  which  the  gill-pouches  are  formed  is  as  follows  :  Each 
branchial  arch  gives  rise  to  a  strong  membranous  partition  or 
septum  (fig.  346,  s)  which  extends  outwards  to  the  skin,  and 

which  thus  forms  the  boundary 
of  a  gill-pouch.  Each  branch- 
ial arch  really  gives  origin  to 
a  double  series  of  branchial 
laminae  (as  in  Teleosteans),  but 
these  laminae  are  now  fixed 
along  their  inner  sides,  along 
the  whole  or  the  greater  part 
of  their  length,  to  the  opposite 
faces  of  these  septa  (fig.  346, 
br).  It  follows  from  this  that 
in  the  2d,  3d,  and  4th  gill- 
pouches  there  are  two  sets  of 
branchiae,  one  on  each  side  of 
the  pouch,  but  these  are  the  half- 
gills  derived  from  successive 
arches.  In  the  ist  gill-pouch 
there  are  also  branchial  lamellae 
on  both  sides,  but  the  anterior 
of  these  are  derived  from  a  half- 
gill  belonging  to  the  hyoid 
arch.     On  the  other  hand,  in 

Fig.  346.-Diagrammatic  representation  of  the  5th  gill-pOUCh  there  is  Only 

the  gill-pouches  and  arrangement  of  the  the    half-gill   derived    from    the 

gills  in  an  Elasmobranch.     ba   x—ba  5  ^  «    «  1  •    «  «  11 

Branchial  arches  transversely  divided  ;  be  fOUrth  branchial  arch,  and  there 

One  of  the  branchial  pouches ; /v  One  of  ^-p  „^  hranrhial  laminsp  nn  tVi#» 

the  external  gill-slits;  *  One  ofthe  septa  ^^  "^  Drancniai  lammaS  On  inc 

■'""  hinder  wall  of  this  pouch.     In 

the  singular  ChimarcB  {Holo- 
cephali)^  the  arrangement  above 
described  is  so  far  departed  from,  that  the  branchial  pouches  on 
each  side  open  by  a  common  external  aperture,  which  is  closed 
anteriorly  by  an  integumentary  fold  representing  a  gill-cover. 

The  so-called  ^^ spiracles'^  of  the  Elasmobranchs  are  the 
external  apertures  of  the  first  visceral  clefts,  and  they  are 
placed  upon  the  top  of  the  head,  behind  the  eyes,  in  all  those 
forms  in  which  they  are  persistent.  They  lead  into  tubes 
which  open  into  the  pharynx,  and  they  contain  in  the  embry- 
onic state  a  functional  gill,  which  persists  in  the  adult  as  a 
functionless  "pseudobranchia." 

The  heart  of  the  Elasmobranchs  is  of  the  "  Ganoid  "  type, 
the  dilated  base  of  the  branchial  artery  forming  a  ''conus 


which  separate  the  different  gill-pouches; 
br  Branchiae.  The  arrows  show  the  di- 
rection of  the  water-currents. 
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arteriosus/'  which  is  furnished  with  a  special  coat  of  muscular 
fibres,  and  is  provided  internally  with  from  two  to  five  trans- 
verse rows  of  valves.  It  contracts  rhythmically,  and  acts  as  a 
continuation  of  the  ventricle. 

As  regards  the  alimentary  canal,  the  duodenum  is  exceed- 
ingly short,  and  is  directly  succeeded  by  a  short  large  intestine, 
the  interior  of  which  is  furnished  with  a  well-developed  "  spiral 
valve"  (fig.  331,  B).  The  intestine  opens  into  a  dilated  cham- 
ber or  "cloaca,"  into  which  the  ducts  of  the  generative  glands 
and  urinary  organs  also  open. 

No  swimming-bladder  is  ever  developed  in  any  Elasmobranch, 
though  its  rudiment  may  sometimes  be  detected. 

The  brain  is  exceptionally  well  developed,  the  olfactory 
lobes  giving  off  long  anterior  prolongations,  the  cerebral 
hemispheres  being  unusually  large,  the  optic  lobes  propor- 
tionately small,  and  the  cerebellum  sufficiently  developed  to 
partially  roof  over  the  fourth  ventricle. 

The  kidneys  are  comparatively  compact,  and  the  termina- 
tions of  the  ureters  unite  to  open,  along  with  the  vasa  defer- 
entia  in  the  males,  into  the  "  cloaca." 

The  reproductive  organs  of  the  males  consist  of  two  testes, 
with  efferent  ducts  which  open  along  with  the  ureters  into  the 
cloaca.  External  accessory  organs,  previously  mentioned  as 
"claspers,"  are  also  present.  In  the  females  there  is  often 
only  a  single  ovary,  but  in  other  cases  there  are  two,  and  in 
all  cases  the  oviducts  are  paired.  The  oviducts  have  a  com- 
mon internal  aperture,  and  their  upper  portion  is  glandular, 
having  in  many  cases  the  function  of  secreting  a  leathery  or 
horny  "  purse,"  in  which  the  ovum  is  contained.  The  lower 
part  of  the  oviduct  forms  a  dilated  pouch,  or  "  uterus,"  within 
which  the  embryo  is  in  some  cases  retained  until  development 
has  proceeded  to  a  considerable  length.  In  such  cases — in 
which  the  parent  is  said  to  be  "viviparous" — the  uterine 
dilatation  may  merely  act  as  a  brood-pouch  for  the  young 
animal,  or  the  embryo  may  actually  form  a  connection  with 
its  lining  membrane  by  a  kind  of  "  placenta."  The  oviducts 
open  into  the  cloaca  by  a  separate  aperture  placed  behind  the 
opening  of  the  urinary  ducts. 

As  regards  their  distribution  in  space^  the  vast  majority  of 
the  Elasmobranchs  are  marine  in  habit.  There  are  forms, 
however,  both  of  Sharks  and  Rays,  which  are  known  as 
inhabiting  inland  waters. 

With  regard  to  their  distribution  in  time,  the  Elasmobranchs 
are  among  the  most  ancient  of  fishes,  being  represented  by 
the  fin- spines  or  shagreen  of  Shark-like  fishes  (Onchus  and 
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Sphagodus)  in  rocks  as  old  as  the  Silurian.  The  Paleozoic 
Elasmobranchs  belong  principally  to  the  group  of  the  "  Ces- 
tracionts,"  but  remains  of  Rays  occur  in  Carboniferous  strata. 
The  true  Sharks  do  not  make  their  appearance  till  the  Mesozoic 
period  is  reached.  Lastly,  the  Chimseroids  {Holocephali)  have 
been  alleged  to  occur  in  the  Devonian,  and  have  a  number 
of  undoubted  representatives  {Ischiodusy  GanoduSy  ElasmoduSy 
Edaphodus^  &c.)  in  the  Mesozoic  rocks. 

The  order  Elastnobranchii  is  divided  into  two  sub-orders : 
the  Holocephali^  characterised  by  the  mouth  being  terminal  in 
position,  and  there  being  only  a  single  external  gill-slit ;  and 
the  Flagiostomi,  in  which  the  mouth  is  transverse,  and  placed 


Fig.  347.— A,  Acanthtas  vui^aris,  one  of  the  Dog-fishes.    B,  Chinutra  momtrosa. 
C,  Tail-spine  of  an  Eagle-ray  {Myliobatis), 

on  the  under  surface  of  the  head  (fig.  347,  A),  and  there  are 
from  five  to  seven  branchial  apertures  on  each  side  of  the  neck. 
Sub-order  A.  Holocephali. — This  sub-order  includes 
certain  curious  fishes,  of  which  the  only  living  forms  are  the 
Chimarida,  The  notochord  is  persistent;  but  the  neural 
arches  are  cartilaginous,  as  is  the  skull  also.  The  maxillary 
and  palatine  cartilages  are  confluent  with  the  skull,  and  the 
**  jaw"  thus  formed  carries  two  pairs  of  broad  crushing  dental 
plates,  against  which  two  mandibular  teeth  bite.    The  skin  is 
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naked ;  the  first  ray  in  the  first  dorsal  fin  is  in  the  form  of  a 
great  spine  or  **  ichthyodorulite " ;  and  the  tail  is  long  and 
slender,  and  is  diphycercal  in  shape.  There  are  four  branchial 
pouches,  but  these  are  incomplete,  and  open  on  the  side  of 
the  neck  by  a  single  external  gill-slit  (fig.  347,  B),  which  is 
protected  by  a  rudimentary  cartilaginous  gill-cover.  Spiracles 
are  wanting.  The  only  two  living  genera  of  Holocephali  are 
Chimara  and  CaUorhynchus,  Of  the  former,  the  best-known 
species  is  the  Chimara  monstrosa  (fig.  347,  B),  sometimes 
called  the  "  King  of  the  Herrings."  It  is  found  in  the  seas 
of  Europe,  Japan,  and  the  Cape  of  Good  Hope.  Callo- 
rhynchus  is  distinguished  by  the  possession  of  a  cartilaginous 
prominence  on  the  end  of  the  snout 

Sub-order  B.  Plagiostomi. — This  sub-order  comprises  the 
Sharks,  Dog-fishes,  and  Rays,  and  is  characterised  by  the  fact 
that  the  mouth  is  transverse,  and  is  placed  on  the  under  side 
of  the  snout  (fig.  347,  A).  The  notochord  is  more  or  less 
segmented,  and  there  are  generally  distinct  vertebral  centra. 
The  lower  jaw  possesses  a  distinct  suspensorium,  and  both 
jaws  are  armed  with  numerous  teeth.  The  gill-pouches  are 
completely  separate,  and  open  by  separate  gill -slits.  There 
are  usually  five  pouches  and  gill-slits,  but  in  a  few  Sharks  there 
may  be  six  or  seven.  The  nasal  apertures  are  placed  below 
the  snout,  and  there  are  two  spiracles  behind  the  eyes. 

By  Professor  Owen  the  Plagiostomes  are  divided  into  three 
sections,  termed  respectively  the  Cestraphori  (Port  Jackson 
Sharks),  the  Selachii  (Sharks  and  Dog-fishes),  and  the  Batides 
(Rays). 

A.  Cestraphori. — In  this  division  there  is  a  strong  spine  in  front  of 
each  dorsal  fin,  and  the  back  teeth  are  obtuse  (fig.  348).  The  onl^  living 
representatives  of  this  group  belong  to  the  genus  Cestraciotiy  of  which  four 
species  are  known,  all  inhabiting  the  Pacific.  The  best-known  species  is 
the  Port  Jackson  Shark  \Ce5tr<uion  Philipfi)  of  Australian  seas.  The 
teeth  of  all  the  Cestraphcri  are  adapted  for  crushing  Crustaceans  and 
Molluscs,  and  all  the  living  forms  are  comparatively  small.  The  pave- 
ment-like back  teeth  and  the  fin-spines  of  Sharks  of  this  group  are  abun- 
dant as  fossils,  the  earliest  being  found  in  the  Silurian  rocks. 

6.  Selachii. — This  group  comprises  the  true  Sharks  and  Dog-fishes, 
and  is  characterised  b^  the  fact  that  the  body  is  cylindrical,  and  not  flat- 
tened, and  the  branchial  apertures  are  placed  on  the  side  of  the  neck  (fig. 
347,  A).  The  skin  is  covered  with  minute  dermal  denticles,  constituting 
"shagreen."  The  teeth  are  usually  sharp-edged,  and  adapt  the  fish  for 
killing  and  devouring  large  animals.  Some,  however,  have  small  teeth, 
and  feed  principally  upon  Invertebrates.  The  teeth  are  arranged  in 
several  rows,  and  during  life  the  cartilaginous  jaws  are  so  far  flexible 
that  their  margins  can  be  partially  everted,  thus  bringing  more  than  one 
row  of  teeth  into  use  at  a  time ;  but  the  innermost  rows  are  principally 
employed  to  replace  the  outer  ones  as  worn  out. 

2  O 
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The  principal  families  of  the  Selachii  are  the  following  :— 

(I.)  Carchariida^  comprising  the  true  Sharks  of  tropical  seas,  of  which 

the  **  Blue  Shark  "  {Carcharias  glaucus)  is  a  good  example.     Other  forms 

are  the  Hammer-headed  Shark  {Zygana),  and  the  small  Sharks  known  as 

"  Hounds  "(3/«j/^/ttj). 

(2.)  Lamnida^  comprising  the  **  Porbeagles  *    (Lamna),  the  Basking 


^^ 


Fig.  348. — Upper  jaw  of  Port  Jackson  Shark  (Cestraci<m\  shovring  the  pavement  of 
crushing  teeth.    One-half  the  natural  sue.    (After  Owen.) 

Sharks  {Selache)^  and  the  great  Carcharodon  of  the  tropics,  which  grows 
to  forty  feet  in  length.  Fossil  teeth  of  Carcharodon  t^tos^  the  existence  in 
late  Tertiary  times  of  still  more  gigantic  members  of  this  genus. 

(3.)  Rhinodontida^  represented  only  by  the  huge  Rhinodon  typicus  of 
the  Indian  Ocean,  which  grows  to  over  fifty  feet  in  length,  but  has  very 
small  teeth  and  is  quite  harmless. 

(4. )  Scyllida,  or  ordinary  Dog-fishes,  represented  in  British  seas  by  the 
common  Spotted  Dog-fishes  {Scyllium  canicular  and  S.  caiulus). 

(5.)  Spinacida^  or  Spiny  Dog-fishes,  represented  by  the  common 
"  Picked  Dog"  {Acanthms  vulgaris^  fig.  347,  A)  of  British  seas,  and  the 
Greenland  Shark  {Lamargus  borealis)  of  northern  seas. 

(6.)  Rhinida^  comprising  only  the  somewhat  Ray-like  Monk- fish  (RAt'na 
sqtuUina)  of  temperate  and  tropical  seas. 

C.  Batides. — This  group  includes  the  Rays  and  Skates,  distinguished 
by  the  fact  that  the  body  is  flattened  out  so  as  to  form  a  sort  of  rhomboidal 
disc,  the  greater  part  of  which  is  made  up  of  the  largely-developed  pec- 
toral fins  (fig.  349).  The  branchial  openings  are  plac^  on  the  ventral 
surface  of  the  body,  behind  the  mouth.     There  is  no  anal  fin,  as  there  is 
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in  the  Selachii,    The  tail  is  long  and  slender,  and  often  armed  with  spines. 
The  following  are  the  chief  families  of  Batides : — 

(l.)  Pristidaf  including  only  the  "Saw-fishes"  {Pristis),  in  which  the 
snout  i's  elongated  so  as  to  form  a  long,  flexible,  sword-like  organ,  the 
sides  of  which  are  furnished  with 
strong  tooth-like  spines,  and  which 
is  used  as  an  offensive  and  defen- 
sive weapon. 

(2.)  Rhinobatida,  comprising  the 
''Beaked  Rays."  The  typical 
genus  Rhinobatis  is  wholly  tropi- 
cal and  subtropical  in  its  range. 

(3.)  Torpedtda^  comprising  the 
"Electric  Rays."  Three  species 
occur  in  the  Mediterranean,  and 
one  of  them  is  occasionally  found 
in  British  seas. 

(4.)  Raiida,  including  the  or- 
dinary Skates  and  Rays.  Com- 
mon British  species  are  the  Skate 
{Rata  baits)  and  the  Thornback 
{R.  clavatd).  In  many  of  the 
Raiid<By  the  males  have  most  of 
the  teeth  pointed,  while  those  of 
the  females  are  blunt  and  flat. 

(5.)  Trygonida^  comprising  the 
*  *  Sting-Rays  "  ( Trygon\  in  which 
the  tail  carries  upon  its  upper  sur- 
face, in  place  of  a  dorsal  fin,  a 
strong  serrated  spine,  which  can 
be  \ised  as  an  organ  of  defence. 

(6.)  MyliobatidiSf  comprising  the 
"Eagle -Rays"  (Myliobatis),  the  "Homed  Rays"  {Cephaloptera),  and 
other  allied  forms.  The  teeth  in  this  family  have  the  form  of  blunt 
dental  plates,  which  cover  both  the  upper  and  lower  jaws  as  a  kind  of 
mosaic  pavement,  and  are  used  for  crushing  shell-fish  and  other  marine 
animals.  The  Rays  of  this  family  often  grow  to  an  enormous  size,  and 
are  found  in  tropical  and  temperate  seas. 

Order  VI.  Dipnoi. — This  remarkable  order  comprises 
three  living  genera  only  {Lepidosireriy  Protopterus^  and  Cerato- 
dus\  and  is  defined  by  the  following  characters  :  The  body  is 
Jish'like  in  shape,  and  is  covered  with  homy  overlapping  scales  of 
the  cycloid  type.  The  notochord  is  persistent,  and  devoid  of  verte- 
bral segmentation,  and  the  skull  is  invested  by  membrane  bones. 
Both  the  pectoral  and  ventral  fins  are  present,  and  the  latter  are 
placed  far  back.  The  tail  is  diphycercal  or  heterocercal,  the  latter 
in  extinct  forms  only.  The  respiratory  organs  have  the  form  of 
free  branchice  carried  upon  branchial  arches,  and  enclosed  in  a 
common  branchial  chamber  on  each  side,  which  opens  by  a  single 
vertical  gill  slit  protected  by  an  operculum.  The  swim-bladder  is 
sacculated,  sometimes  double,  and  it  opens  into  the  gullet  by  a  duct. 
It  can  be  used  as  a  lung.     The  heart  is  of  the  "  Ganoid'^  type, 


Fie.  349« — Batides.  Xaia  marginata^  one  of 
the  Skates.  (Reduced  one-sixth.)  (After 
Gosse.) 
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the  base  of  the  branchial  artery  having  a  special  muscular  coat^ 
and  being  furnished  with  numerous  valves  internally.  The 
intestine  has  a  spiral  valve^  and  terminates  in  a  ^^  cloaca J^ 
The  nasal  sacs  open  posteriorly  into  the  mouth. 

The  Dipnoi  are  of  special  interest  as  being  in  many  respects 
intermediate  in  their  characters  between  the  Fishes  and  the 
Amphibians.  At  the  same  time,  there  can  be  no  question  as 
to  their  being  properly  referable  to  the  class  Pisces,  and  as 
being  closely  allied  to  the  Ganoids,  with  which  order  they  are, 
indeed,  united  by  Dr  Giinther.  They  are  also  of  interest  as 
throwing  light  upon  the  structure  and  affinities  of  many  extinct 
types  of  Fishes. 

The  body  in  the  DipTwi  is  quite  fish-like,  and  is  covered 
with  cycloid  scales,  which  are  of  remarkably  large  size  in  Cera- 
todus.    The  hinder  end  of  the  body  is  fringed  by  a  long  caudal 


Fig.  3SO. 


;o. — A,  Lepidotiren  ^rad4ixa^  one  of  the  Mud-fishes.     B,  Front  of  the  mouth  of 
the  same,  showing  the  teeth.    C,  One  of  the  overlapping  scales,  enlai^ed. 


fin,  which  is  diphycercal  in  all  the  living  forms,  but  is  conspicu- 
ously heterocercal  in  certain  of  the  extinct  types.  The  pectoral 
and  ventral  fins  are  both  present,  but  vary  much  in  form.  In 
Lepidosiren  (fig.  350)  they  are  in  the  form  of  awl-shaped  fila- 
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ments,  and  in  the  allied  Protopterus  they  have  much  the  same 
shape,  but  are  bordered  by  a  narrow  fringe  supported  by  rays. 
On  the  other  hand,  in  Ceratodus^  and  in  various  extinct  genera, 
the  fins  agree  with  those  of  the  Crossopterygian  Ganoids,  hav- 
ing an  axial  scaly  lobe  fringed  by  the  fin-rays  on  both  sides.  In 
Ceratodus  the  pectoral  fin  (fig.  351)  is  supported  by  a  carpal 
cartilage  giving  origin  to  a  median 
cartilaginous  axis,  formed  by  a  succes- 
sion of  joints,  which,  in  turn,  support 
on  each  side  a  lateral  series  of  joint- 
ed branches,  these,  finally,  bearing  the 
fin-rays. 

The  branchuB  of  the  Dipnoi  are  ar- 
ranged essentially  upon  the  type  of 
those  of  the  Teleosteans  and  Ganoids. 
The  branchial  filaments  are  carried 
upon  branchial  arches,  which  are  five 
or  six  in  number,  but  all  of  which  do 
not  carry  gills.  There  is  a  common 
gill -chamber  on  each  side,  which  is 
closed  by  a  gill -cover,  protecting  a 
single  vertical  gill -slit.  Protopterus 
shows  the  remarkable  Amphibian  char- 
acter that  there  are  placed  above  the 
gill -slit  three  external  branchial  tufts, 
which  persist  throughout  life,  or  at  any 
rate  to  a  late  period 

The  air-bladder  of  the  Dipnoi  is  sac- 
culated, and  opens  into  the  gullet  by 
a  pneumatic  duct.  In  Ceratodus  it  is 
single,  but  its  internal  compartments 
have  a  laterally  symmetrical  arrange- 
ment. In  this  genus  the  air-bladder 
has  no  true  pulmonary  artery,  but  it 
receives  blood  from  a  branch  of  the 
subvertebral  aorta  (the  coeliac  artery), 
and  its  veins  form  a  pulmonary  vein 
which  opens  into  the  auricle  of  the 
heart.  In  Lepidosiren  and  Protopterus 
the  air-bladder  is  divided  into  two 
halves,  and  is  cellular  internally.  In 
these  genera,  the  air-bladder  is  sup- 
plied with  venous  blood  by  a  true  pulmonary  artery  derived 
from  a  hinder  branchial  artery ;  and  the  arterialised  blood  is 
returned  to  the  heart  by  pulmonary  veins,  which  open  into  the 


Fig.  351. — Skeleton  of  the  pec- 
toral fin  of  Ceratodus,  show- 
ing the  median  axis  and  diver- 
gent branches  on  each  side. 
c  Carpal  cartilage.  (After 
Gflnther.) 
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ventricle  directly  {Protopterus\  or  through  the  intervention  of 
a  left  auricle  (Lepidosiren). 

The  heart  of  the  Dipnoi  is  of  the  "  Ganoid  "  type,  the  base 
of  the  branchial  artery  forming  a  rhythmically  contractile 
"conus  arteriosus,"  in  the  interior  of  which  are  numerous 
valves.  In  Ceratodus  these  valves  have  a  transverse  direction, 
but  in  Lepidosiren  and  Protopterus  they  are  longitudinally  dis- 
posed. The  heart  shows  an  imperfect  division  into  a  right 
and  left  half,  which  in  Ceratodus  is  "  limited  to  the  ventricle  " 
(Giinther).  In  Lepidosiren  and  Protopterus^  on  the  other  hand, 
there  is  an  incomplete  division  of  the  auricle  into  a  right  and 
left  half. 

The  intestine  in  the  Dipnoi  possesses  a  spiral  valve,  as  in 
Ganoids  and  Elasmobranchs ;  and  the  rectum  opens  into  a 
"cloaca,"  into  which  the  generative  and  urinary  ducts  also 
discharge  themselves  by  a  common  urogenital  aperture. 

Lastly,  the  nasal  sacs  in  the  Dipnoi  are  peculiar  in  the  fact 
that  they  open  posteriorly  into  the  mouth,  as  in  no  other  fishes 
except  the  Myxinoids,  The  anterior  nostrils  are  placed  either 
entirely  within  the  upper  lip,  and  thus  inside  the  mouth,  or 
close  to  the  margin  of  the  upper  lip. 

As  regards  their  distribution  in  space^  the  three  living  genera 
are  exclusively  confined  to  the  inland  waters  of  hot  regions. 
Lepidosiren  (with  one  species)  is  South  American ;  Protopterus 
(with  one  species)  is  African ;  and  Ceratodus  (with  two  species) 
is  Australian. 

With  regard  to  their  distribution  in  time,  the  living  genus 
Ceratodus  is  represented  in  rocks  as  ancient  as  the  Trias  by  un- 
dulated dental  plates  (fig.  352)  closely  similar  to  the  "molars" 


Fig.  353.— A,  Dental  plate  of  Ceratodus  serratMs^  Keuper.     B,  Dental  plate  of 
Ceratodus  altuSy  Keuper.    (After  Agassiz.) 

of  the  Australian  Mud-fish.  The  order  is,  however,  repre- 
sented in  the  Palaeozoic  period  by  forms  of  much  greater  an- 
tiquity. The  most  important  of  these  are  the  Devonian  and 
Carboniferous  group  of  the  Ctenodipterini,  comprising  the 
genera  Dipterus  and  Ctenodus,    These  ancient  types  of  the 
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Dipnoi  differ  from  all  existing  forms  in  their  strongly  hetero- 
cereal  tails,  as  well  as  in  other  characters. 

The  three  living  genera  of  Dipnoi  form  a  special  division  of  the  order 
{Sirenoidgi),  characterised  by  their  homy  cycloidal  scales  and  diphycercal 
tails.  The  genus  Lepidosiren  is  represented  by  a  single  species  (Z.  para- 
doxal fig.  350),  which  inhabits  fresh  waters  in  the  basin  of  the  river  Ama- 
zon. It  grows  to  a  length  of  three  or  four  feet,  with  an  eel-shaped  body, 
filamentous  limbs,  and  rudimentary  eyes.  The  upper  and  lower  jaws  sup- 
port each  a  p>air  of  cuspidate  dental  plates,  and  two  conical  vomerine  teeth. 
It  is  one  of  the  rarest  of  animals,  only  four  specimens  having  been  hitherto 
obtained. 

The  genus  Protopterus  is  represented  also  by  one  species  only  (/*.  anmc- 
tens),  which  is  nearly  related  in  many  respects  to  Lepidosiren^  but  differs 
in  having  a  fringe  to  the  pectoral  and  ventral  limbs,  in  the  possession  of 
external  gill-tufls,  and  in  otner  less  important  points.  Protopterus  annec- 
tens  inhabits  tropical  Africa,  in  the  rivers  of  which  it  seems  to  be  tolerably 
plentiful  in  some  regions.  When  the  pools  which  it  inhabits  dry  up,  it 
buries  itself  in  the  mud,  forming  a  kind  of  chamber,  in  which  it  remains 
dormant  till  the  return  of  the  rainy  season.  In  this  condition  the  fish  can 
be  exported  alive  to  Europe.  It  is  carnivorous  in  its  habits,  and  grows 
to  a  length  of  six  feet. 

Lastlv,  the  genus  Ceratodus  is  confined  to  the  rivers  and  marshes  of 
Queensiand  (Australia),  in  which  are  found  the  only  two  known  species — 
viz.,  C.  Forsteri  (fig.  353),  and  C.  miolepis.     The  former  and  best-known 


Fig*  353. — Ceratodus  Forsteri^  the  Australian  Mud-fish,  reduced  in  size. 

species  is  known  to  the  natives  as  the  **  Barramunda  "  or  "  Jeevine,"  and 
grows  to  a  length  of  six  feet,  and  has  its  body  covered  with  very  large 
cycloid  scales.  Its  paired  fins  differ  widely  from  those  of  Lepidosiren  and 
FrotopteruSf  having  the  form  of  pointed  scaly  lobes,  round  which  the  fin- 
rays  are  symmetrically  disposed.  The  upper  and  lower  jaws  carry  each  a 
pair  of  singular  dental  plates  or  ''molars,"  having  the  form  of  flattened 
undulated  plates  of  bone,  with  lateral  prong-like  extensions.  These  den- 
tal plates  are  employed  in  triturating  the  leaves  upon  which  the  Barra- 
munda feeds,  it  being  an  exclusively  vegetable-feeding  animal.  It  seems 
usually  to  live  upon  the  leaves  which  have  fallen  into  the  water  from  the 
neighbouring  trees ;  but  it  is  stated  to  come  out  of  the  water  at  night,  and 
to  betake  itself  to  the  mud-flats  in  the  vicinity  for  the  purpose  of  obtaining 
food.  Whether  this  be  the  case  or  not,  there  is  no  reason  to  doubt  but 
that  the  swim-bladder  can  act  as  an  organ  of  respiration,  and  that  the 
animal  has  thus  the  power  of  breathing  air,  when  the  water  which  it  in- 
habits becomes  impure,  or  when  aerial  respiration  may  be  otherwise  ren- 
dered necessary. 
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CHAPTER   LII. 

CLASS  IL—AMPHIBIA. 

The  class  Amphibia  comprises  the  Frogs  and  Toads,  the  Sala- 
mandroids,  the  Cacilia,  and  the  extinct  Labyrinthodonts,  and 
may  be  briefly  defined  as  follows:  As  is  the  case  with  the 
Fishes,  the  embryo  is  not  furnished  with  an  amnion,  and  the 
urinary  bladder  is  the  only  representative  of  the  allantois.  As 
in  Fishes,  also,  branchicB  or  filaments  adapted  for  breathing  air 
dissolved  in  water  are  always  developed  upon  the  visceral  arches 
for  a  longer  or  shorter  time.  On  the  other  hand,  the  Amphibi- 
ans differ  from  the  Fishes  in  the  fact  that  true  lungs  are  always 
present  in  the  adult ;  the  limbs  are  never  converted  into  fins  ;  and 
when  median  fins  are  present^  as  is  sometimes  the  case^  these  are 
never  furnished  with  fin-rays.  The  limbs,  when  present,  exhibit 
in  their  skeleton  the  same  parts  as  do  the  limbs  of  the  higher 
Vertebrates.  The  skull  always  articulates  with  the  vertebral 
column  by  means  of  two  occipital  condyles.  The  heart  consists  of 
two  auricles  and  a  single  ventricle.  The  nasal  sacs  communicate 
posteriorly  with  the  pharynx  ;  and  the  rectum,  ureters,  and  ducts 
of\the  reproductive  organs  open  into  a  common  chamber  or 
''cloaca:' 

The  integument  of  the  Amphibians  is  mostly  soft,  moist, 
and  glandular,  largely  concerned  in  respiration,  and  generally 
destitute  of  exoskeletal  structures.  Scales  are,  however,  de- 
veloped in  the  skin  of  the  Cascilians,  while  the  extinct  Laby- 
rinthodonts possessed  a  ventral  armour  of  bony  scutes.  There 
are  also  dermal  ossifications  in  the  dorsal  integument  of  some 
of  the  Tailless  Amphibians  (e,g,,  in  Ceratophrys),  Usually  mo- 
bile pigment-cells  are  largely  developed  in  the  skin,  giving  to 
the  animal  varied  colours  in  different  cases,  and  conferring 
upon  it  the  power  of  changing  its  tint  to  suit  its  surroundings. 
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The  condition  of  the  endoskeleton  varies  considerably,  but 
in  general  the  skeleton  of  the  adult  is  well  ossified.  The 
notochord  may  be  partially  persistent  (as  in  the  Caecilians), 


Fig.  354. — A,  Skeleton  of  the  Frog  {Rana  temporaria^  :  tr  Transverse  processes  of  ver- 
tebrae ;  sa  Sacrum ;  ur  Coccyx  ("  urostyle  ");  i  Ilium  ;  s  Supra-scapula ;  b  Humer- 
us; <»b  Conjoined  radius  and  ulna;  c  Carpus;  /  Rudimenury  thumb;  /Femur  ; 
cr  Conjoined  tibia  and  fibula ;  ca  Calcaneo-astragalus ;  ta  Tarsus  ;  sp  Spur  or  "  cal- 
car."  B,  Pectoral  arch  and  sternum  of  Frog  (after  Gegenbaur).  The  dotted  parts 
represent  cartilages,  e  Epistemum  ;  o  Omostemum  ;^  /  Body  of  the  sternum ;  x 
Xiphistemum ;  s<f  Supra-scapula ;  sc  Scapula  ;  cl  Clavicle ;  co  Coracoid,  fused  with 
its  fellow  on  the  opposite  side  («). 

but  vertebral  segmentation  is  always  present.  In  the  Caecilians, 
the  Perennibranchiate  Urodelans,  and  many  of  the  extinct 
Labyrinthodonts,  the  vertebral  centra  are  amphicoelous,  as  in 
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Fishes  generally.  In  the  Caducibranchiate  Urodelans  (Sala- 
manders) the  vertebral  bodies  are  opisthocoelous,  and  in  the 
Tailless  Amphibians  the  centra  are  procoelous.  All  the  Tailed 
forms  have  a  long  vertebral  column,  but  the  Anoura  (Frogs 
and  Toads)  never  possess  more  than  nine  praecoccygeal  verte- 
brae (fig.  354).  The  sacrum  never  consists  of  more  than  one 
vertebra.  The  transverse  processes  of  the  vertebrae  are  very 
long,  and  in  most  cases  ribs  are  wanting,  or  are  represented 
by  cartilaginous  rudiments  only.  Even  in  those  which  have 
ribs  (e,g,y  Caecilians),  the  ribs  are  not  connected  anteriorly  with 
a  sternum.  A  sternum  is,  however,  present  in  most  Amphibi- 
ans, and  consists  in  the  Frog  of  a  cartilaginous  ''  epistemum  " 
(fig.  354,  B,  e\  succeeded  posteriorly  by  a  long  "  omostemum  " 
((?),  which  is  followed  by  the  body  of  the  sternum,  carrying 
posteriorly  a  broad  gristly  "  xiphistemum  "  (x). 

The  skull  in  the  Amphibians  is  largely  cartilaginous,  but  the 
primitive  cartilage  undergoes  partial  ossification,  and  is  also 
extensively  invested  by  membrane  bones.  The  body  of  the 
occipital  bone  ("  basioccipital ")  is  never  ossified,  but  the  two 
exoccipitals  are  converted  into  bone,  and  carry  the  two  occi- 
pital condyles  which  are  characteristic  of  all  the  Amphibians. 
The  suspensorium  of  the  lower  jaw  ("quadrate  cartilage") 
remains  unossified,  and  is  connected  in  front  with  the  "  quad- 
rato-jugal"  bone.  The  second  visceral  arch  persists  as  the 
hyoid,  and  the  third  and  fourth  arches  may  have  rudimentary 
representatives  in  the  adult. 

The  pectoral  arch  consists  of  a  cartilaginous  supra-scapula 
(fig.  354,  B,  s(!\  a  bony  scapula,  a  coracoid  bone,  and  a  clavicle 
on  each  side.  The  pectoral  limb  is  present  in  all  except  the 
Caecilians,  and  consists  of  its  usual  bones.  The  manus  has 
five  digits  in  the  Tailless  Amphibians,  but  never  more  than 
four  in  the  Tailed  forms.  The  pelvic  arch  is  present  in  all 
Amphibians  except  the  Caecilians  and  Siren^  and  the  ilia  (fig. 
354,  A,  i)  are  very  long  and  narrow,  articulating  by  their 
anterior  ends  with  the  transverse  processes  of  the  single  sacral 
vertebra.    The  pelvic  limb  possesses  the  normal  parts. 

As  regards  the  digestive  system^  the  mouth  may  be  edentu- 
lous, but  is  usually  furnished  with  teeth  developed  upon  the 
vomers,  maxillae,  and  palatine  bones,  and  generally  on  the 
mandible  also.  A  tongue  may  be  absent  or  present,  and  pro- 
trusible  or  the  reverse.  In  the  Anoura  (Frogs  and  Toads)  it 
is  attached  in  firont  to  the  symphysis  of  the  lower  jaw,  and  is 
divided  behind  into  two  pouited  lobes,  which  are  directed  to- 
wards the  throat  The  alimentary  canal  usually  shows  a  sim- 
ple tubular  stomach,  a  coiled  small  intestine  and  a  short  large 
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fact  that  there  are  no  proper  lymphatic  vessels,  but  the  lymph 
circulates  in  lacunar  spaces  beneath  the  skin  and  in  great 
sinuses  formed  by  the  mesentery.  In  the  higher  Amphibians 
there  are  connected  with  the  lymphatic  system  one  or  two 
pairs  of  pulsating  cavities  known  as  "lymph  hearts."  In  the 
Frog  there  are  two  pairs  of  these,  the  anterior  situated  close 
to  the  transverse  processes  of  the  3d  vertebra,  while  the  pos- 
terior lie  one  on  each  side  of  the  coccyx. 

As  regards  their  respiratory  organs^  all  the  Amphibians  pos- 
sess branchias  in  the  early  stages  of  their  life,  and  all  possess 
lungs  in  the  adult  condition.  The  branchiae  are  developed  in 
connection  with  three  branchial  arches,  separated  by  clefts 
which  lead  into  the  pharynx.  In  the  earliest  stages  of  de- 
velopment branchial  filaments  are  produced  from  the  outer 
ends  of  the  branchial  arches  as  three  external  gill-tufts  on  each 
side.  In  those  Amphibians  which  keep  their  gills  throughout 
life  ("perennibranchiate"  forms),  it  is  these  external  branchiae 
which  are  retained.  In  the  higher  Amphibians  two  sets  of 
gills  are  developed,  the  external  branchiae  early  disappearing, 
and  being  replaced  by  a  set  of  internal  gills  developed  on  the 
opposed  faces  of  the  branchial  arches.  In  all  cases,  however, 
these  internal  gills  disappear  when  the  lungs  take  up  their  func- 
tion as  air-breathing  organs.  In  the  so-called  "  caducibranchi- 
ate  "  Amphibians,  not  only  do  the  branchiae  entirely  disappear, 
but  the  gill-clefts  are  also  obliterated,  and  the  adult  animal 
shows  no  signs  of  having  ever  been  branchiate.  There  are 
forms,  however,  such  as  Amphiuma  and  Menopoma^  which  are 
so  far  intermediate  between  the  perennibranchiate  and  caduci- 
branchiate  types  that  while  they  lose  their  gills,  they  never- 
theless retain  a  branchial  aperture  on  the  side  of  the  neck. 
In  all  Amphibians  the  lungs  are  comparatively  simple  mem- 
branous sacs,  without  internal  divisions  or  with  only  rudi- 
mentary septa,  and  they  play  a  comparatively  unimportant 
part  in  respiration.  When  the  gills  are  retained  throughout 
life,  it  is  probable  that  these  are  the  principal  breathing 
organs ;  and  where  the  gills  are  lost,  the  soft  and  moist  skin 
plays  an  important  part  in  the  process  of  respiration. 

The  kidneys  of  Uie  Amphibians  discharge  their  secretion 
by  two  ureters,  which  open  separately  into  the  "cloaca." 
A  large  urinary  bladder  ("allantoic  bladder"),  usually  bifid 
superiorly,  is  present,  and  opens  into  the  ventral  side  of  the 
cloaca,  but  the  ureters  do  not  open  into  this,  and  it  does  not 
therefore  contain  the  urine.  Attached  to  the  upper  ends  of 
the  kidneys  in  the  Frog  are  tufts  of  slender  yellow  processes, 
composed  of  fatty  tissue,  and  known  as  the  "fat  bodies" 
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("corpora  adiposa").  These  are  usually  shrunken  in  win- 
ter, and  increase  in  size  in  summer,  but  their  precise  function 
is  not  clear. 

The  brain  of  the  Amphibians  (fig.  356)  is  in  the  main  very 
similar  to  that  of  Fishes.  The  cerebral  hemi- 
spheres are  relatively  larger  than  in  Fishes, 
but  they  leave  the  mid -brain  uncovered, 
while  the  optic  lobes  are  still  of  large  size. 
The  cerebellum  is  small,  and  the  medulla 
oblongata  and  wide  fourth  ventricle  are  not 
covered  by  it.  Eyes  are  rudimentary  and 
hidden  under  the  skin  in  a  few  forms,  but 
are  usually  present,  and  may  or  may  not  be 
provided  with  eyelids.  External  ears  are 
wanting,  but  a  tympanic  cavity  and  tympanic 
membrane  may  be  present  (in  the  Anoura), 
In  the  Frogs  the  tympanum  is  visible  exter- 
nally as  a  circular  area  of  skin,  differing 
from  the  surrounding  integument,  placed  a 
little  behind  the  eye  on  each  side. 

The  generative  organs  of  the  male  Am- 
phibians consist  of  a  pair  of  testes  placed 
in  close  relation  to  the  kidneys,  and  dis- 
Fig.3s6.-Brainofthe  charging   their   contents  by  efferent  ducts 
Yny^Rofia,  temfor-  which  enter  the  kidney  and  join  the  urinary 
aw'.  ^cr^fJt^  ducts.    The  ureters  thus  act  as  vasa  defer- 
Jobcs  prolonged  into  eutia,  and  the  semen  is  discharged  into  the 
\b)\  c  Cwbrai"hS!i?.  cloaca.     In  the  female  Amphibians  the  ovi- 
*^lT\t  OptifSSl  ducts  are  not  directly  continuous  with  the 
ami;  <7/ Optic  lobes;  paired  ovaries,  but  each  begins  by  a  wide 
FouS'^^tride';  m  fuunel-shaped  opening  placed  far  forward  in 
Meduiu  oblongata^    the  abdominal  cavity.      The  oviducts  are 
long  and  coiled,  but  their  lower  portions  are 
usually  dilated  to  form  a  "  uterus,"  and  they  finally  open  into 
the  cloaca  along  with  the  urinary  ducts.     Impregnation,  ex- 
cept in  some  Salamanders,  is  effected  outside  the  body,  after 
extrusion  of  the  eggs,  over  which  the  male  sheds  the  semen. 
In  the  Land  Salamanders  the  eggs  are  fertilised  prior  to  extru- 
sion from  the  body,  the  impregnated  ova  being  retained  with- 
in the  uterine  dilatations  of  the  oviducts.     In  these  "  ovo-vivi- 
parous  "  forms  the  metamorphosis  of  the  young  animal  is  more 
or  less  completely  undergone  within  the  body  of  the  parent 
There  are  other  cases  in  which  the  development  of  the  young 
animal  takes  place  within  special  integumentary  cavities  (as  in 
Pipa)^  or  in  brood-pouches  (as  in  Nototrema  and  Notodelphys). 
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In  the  majority  of  the  Amphibians,  however,  the  develop- 
ment of  the  impregnated  ova  takes  place  altogether  outside 
the  body  of  the  mother,  and  is  attended  with  a  more  or  less 
marked  metamorphosis.  This  metamorphosis  is  principally  con- 
nected with  the  fact  that  the  Amphibians  commence  life  as 
water-breathing  larvae,  or  "  tadpoles,"  provided  with  branchiae, 
whereas  in  the  adult  condition  they  possess  lungs ;  and  the 
extent  of  the  metamorphosis  largely  depends  upon  whether 
or  not  the  larval  branchiae  are  got  rid  of  in  the  adult.  The 
larvae  are  also  at  first  limbless  and  furnished  with  a  swim- 
ming-tail, whereas  the  adult  has  usually  limbs,  and  may  be 
without  the  tail.  Lastly,  the  larvae  are  vegetable  -  feeders, 
whereas  the  adults  are  carnivorous. 


o 


Fig.  357.— Stages  in  the  development  of  the  Frog.  i.  The  egg;  a.  The  same  after 
segmentation  has  taken  place ;  3.  The  first  stage  of  the  "Didpole ;  4.  Tadpole  in 
which  external  branchiae  have  appeared ;  5.  Tadpole  in  which  the  external  gills 
have  disappeared,  and  internal  branchise  are  developed ;  6.  Tadpole  with  the  hind 
limbs ;  7.  Tadj^le  in  which  both  pairs  of  limbs  are  present ;  8.  Young  Frog  with 
the  tail  not  entirely  absorbed ;  9.  Perfect  Frog. 

The  development  of  the  common  Frog  {^Rana  temporaria)  may  be  taken 
as  affording  an  excellent  example  of  the  metamorphosis  of  the  higher  Am- 
phibians generally  (fig.  357).    The  eggs  of  the  Frog  are  deposited  in  water, 
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and  the  thin  layer  of  albumen  with  which  each  egg  becomes  invested  in 
its  passage  through  the  oviduct  swells  up  on  contact  with  the  water,  so 
that  the  ova  cohere  and  form  a  gelatinous  mass.  When  first  hatched,  the 
young  frog  is  without  limbs  or  gills,  and  it  rapidly  develops  into  what  is 
known  as  a  **  tadpole."  In  this  stage  (fig.  357,  4)  the  larva  is  a  minute, 
limbless,  fish-like  creature,  with  a  long  swimming-tail,  and  furnished  with 
two  sucking  discs,  or  "holders,"  on  the  under  side  of  the  head  behind  the 
mouth,  by  means  of  which  it  can  temporarily  attach  itself  to  foreign  ob- 
jects. The  larva  now  develops  external  gills,  in  the  form  of  three  pairs  of 
branched  filaments  placed  on  the  sides  of  the  neck  (fig.  358,  A  and  B). 


Fig*  358.— Development  of  the  Frog.  A,  Embryo  before  hatching,  showing  the  rudi- 
mentary gills  (/')  as  tubercles  upon  the  visceral  arches.  B,  Side-view  of  head  of 
Tadpole,  a  few  days  after  hatching.  C,  Under  side  of  a  Tadpole,  some  time  after 
hatcning.  D,  Side-view  of  the  same.  E,  Side-view  of  an  older  Tadpole,  in  which 
the  external  branchis  have  nearly  disappeared,  and  the  tips  of  the  gills  (/)  protrude 
from  a  respiratory  pore  seen  on  the  left  side  of  the  neck  by  the  uncompleted  srowth 
of  the  operculum.  £  Gill-plumes;  m  Mouth;  n  Nasal  pit;  e  Eye;  s  Holder; 
cl  x-6,  Visceral  clefts.    (B  is  after  Parker,  the  rest  after  Ecker.) 


Between  the  branchial  plumes  are  gill-clefts  leading  into  the  throat,  and  the 
Tadpole  now  breathes  after  the  manner  of  a  fish,  by  taking  in  water  at  the 
mouth  and  passing  it  out  by  the  gill-clefts.  Each  of  the  three  branchial 
plumes  is  supplied  with  venous  blood  by  a  branchial  artery,  derived  from 
one  of  the  three  aortic  arches  on  each  side,  and  the  arterialised  blood  is 
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conveyed  away  by  a  branchial  vein.  The  first  branchial  veins  go  directly 
to  the  head,  but  the  last  two  pairs  unite  to  form  the  systemic  aorta. 

The  mouth  of  the  Tadpole  (fig.  358,  m)  is  placed  upon  the  under  side 
of  the  head,  and  is  furnished  with  homy  plates  on  the  jaws,  forming  a  kind 
of  beak.  The  larva  lives  upon  vegetable  food,  and  the  intestine  is  long 
and  spirally  coiled.     Limbs  are  still  absent. 

In  the  next  stage  of  development,  a  fold  of  the  skin  grows  back  from 
the  jaw,  and  forms  a  kind  of  opercular  fold  which  gradually  covers  up  the 
gills.  This  fold  differs  from  the  gill-cover  of  Fishes  in  having  no  repre- 
sentatives of  branchiostegal  rays  or  opercular  bones  (unless  the  "squamo- 
sal "  represents  the  prseoperculum).  This  opercular  flap  becomes  united 
behind  to  the  skin  of  the  abdomen,  the  union  being  first  completed  on  the 
right  side  of  the  neck,  while  a  small  opening  or  respiratory  pore  (fig. 
358,  Ej")  is  still  preserved  on  the  left  side,  and  allows  the  tips  of  the 
branchiae  to  protrude. 

With  the  disappearance  of  the  external  gills,  a  second  set  of  internal 
branchiae  is  developed  in  the  form  of  rows  of  short  lancet-shaped  processes 
upon  the  branchial  arches  on  each  side.  The  rudiments  of  the  limbs  now 
also  appear,'  the  anterior  pair  being  concealed  beneath  the  opercular  mem- 
brane, so  that  the  hind-limbs  are  the  first  to  become  visible.  The  lungs 
are  next  developed,  the '  pulmonary  arteries  being  at  first  very  small,  and 
the  gills  being  still  retained  for  a  time.  With  the  establishment  of  aerial 
respiration,  the  pulmonary  arteries  increase  proportionately  in  size,  and 
more  and  more  blood  is  gradually  diverted  from  the  gills  and  carried  to  the 
lungs ;  so  that  the  branchiae  undergo  a  proportionate  decrease  in  size,  and 
ultimately  become  atrophied.  At  the  same  time,  the  pulmonary  veins, 
which  return  the  aerated  blood  from  the  lungs,  increase  in  size  proportion- 
ately with  their  increased  work,  and  ultimately  open  into  a  second  auricle 
which  is  formed  at  their  junction  with  the  heart,  this  organ  thus  becoming 
^  three-chambered. 

The  tail  of  the  larva  now  shortens,  and  is  gradually  absorbed ;  the  mouth 
becomes  wider,  and  is  placed  at  the  extremity  of  the  head ;  the  homy 
beak  disappears;  teeth  are  developed  on  the  praemaxillae,  maxillae,  and 
vomers  ;  and  the  intestine  becomes  relatively  shorter  by  remaining  station- 
ary while  the  body  goes  on  gjrowing.  Finally,  the  limbs  become  fully 
developed,  and  the  tail  is  completely  absorbed,  the  animal  being  thus 
converted  into  a  small  but  perfect  Frog  (fig.  357,  9). 

Those  Amphibians  which  retain  their  larval  branchiae 
throughout  life  are  said  to  be  "  perennibranchiate,"  and  in 
such  forms  it  is  always  the  external  gills  which  persist.  On 
the  other  hand^  those  Amphibians  which  do  not  retain 
their  branchiae  in  adult  life  are  said  to  be  "  caducibranchiate," 
All  the  perennibranchiate  Amphibians,  and  many  of  the  ca- 
ducibranchiate  types,  retain  permanently  the  tail  of  the  larva, 
and  are  therefore  termed  "Tailed"  Amphibians  {Urodela), 
On  the  other  hand,  in  the  so-called  "  Tailless "  Amphibians 
(Anoura),  the  larval  tail  is  completely  absorbed.  In  a  few 
cases  {e.g.,  Hylodes)  the  metamorphosis  is  evanescent;  and 
in  other  cases  (as  in  Pipa,  Nototrema,  and  the  Alpine  Sala- 
mander), though  a  metamorphosis  takes  place,  the  branchiae 
are  shed  before  the  young  animal  begins  to  lead  a  free  existence. 
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The  Amphibians  are  almost  universally  distributed  over  the 
world.  The  perennibranchiate  forms  are  inhabitants  of  fresh 
waters,  while  the  caducibranchiate  forms  are  largely,  or  in 
some  cases  wholly,  terrestrial  animals — many,  however,  spend- 
ing part  of  their  life  in  water.  No  Amphibians  inhabit  the 
sea. 

As  regards  their  distribution  in  time^  the  extinct  group  of 
the  Labyrinthodonts  is  largely  represented  in  the  Carbonifer- 
ous and  Permian  rocks,  and  disappears  in  the  Trias.  The 
Anoura  are  not  represented  in  rocks  older  than  the  Tertiary 
period;  and,  with  doubtful  exceptions,  the  same  is  true  of 
the  Urodelans. 

The  class  of  the  Amphibia  is  divided  into  the  three  living 
orders  of  the  Ophiotnorpha  (Caecilians),  the  Urodela  (Tailed 
Amphibians),  and  the  Anoura  (Frogs  and  Toads),  to  which 
must  be  added  the  series  of  extinct  Amphibians  which  have 
been  usually  grouped  together  under  the  name  of  '*  Labyrinth- 
odonts." 


CHAPTER    LIIL 

ORDERS    OF  AMPHIBIANS. 

Order  I.  Ophiomorpha  ( =  Gymnophiona^  Huxley). — This 
order  comprises  the  animals  which  are  commonly  called 
"  Caecilians,"  characterised  by  their  serpentiform  or  vermiform 
bodies^  without  traces  of  limbsy  and  with  the  cloacal  aperture 
terminal^  or  nearly  so.  The  adult  shows  no  traces  of  gills  or  gill- 
clef  ts  ;  the  integument  has  small  cycloid  scales  embedded  in  it^ 
and  the  vertebrce  are  amphicoslous. 

The  Caecilians  (fig.  359)  are  singular  worm-like  animals, 
which  are  found  in  various  tropical  countries,  burrowing  in 
marshy  ground,  sometimes  reaching  a  couple  of  feet  or  more 
in  length,  and  somewhat  resembling  gigantic  earth-worms. 
The  skin  is  annulated,  and  there  is  an  exoskeleton  of  small 
cycloid  scales  arranged  in  transverse  rings.  The  notochord 
is  partly  persistent,  but  vertebral  segmentation  takes  place, 
the  vertebrae  being  amphiccelous,  and  resembling  those  of  a 
Bony  Fish.  The  skull  is  ossified,  and  has  two  occipital  con- 
dyles. Limbs  and  their  arches  are  absent,  but  there  are  well- 
developed  ribs.  The  maxillae  and  palatine  bones  carry  small 
recurved  teeth,  and  the  animal  is  carnivorous,  feeding  on 
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worms  and  insects.  The  eyes  are  rudimentary,  and  are 
covered  by  the  skin.  The  adult  possesses  lungs ;  and  there 
are  no  traces  of  gills  or  gill-slits. 

The  development  of  the  Csecilians  is  still  imperfectly  known.  Some  forms 
are  ovo-viviparous  (Cacilia) ;  others  {Epicrium)  are  oviparous.  In  some 
species  of  Cacilia  the  larvae  possess  a  gill-slit  on  each  side,  leading  down 


Fig.  3  JO. — Ophiomorpha.  a  Siphonops  annulaius^  one  of  the  Caecilians,  much  reduced  ; 
^Ilead  ;  c  Moutn,  showing  the  tongue,  teeth,  and  internal  openings  of  the  nostrils ; 
d  Tail  and  cloacal  aperture.    (After  Dumeril  and  Bibron). 

to  internal  gills.  In  another  species  of  the  same  genus  (C.  compressicauda) 
there  is  no  gill-slit  in  the  larva,  but  the  neck  carries  vesicular  structures 
believed  to  be  of  the  nature  of  external  branchiae.  In  Epicrium  glutin- 
osum  the  embryo  prior  to  its  emergence  from  the  egg  possesses  external 
branchiae,  which  are  shed  before  hatching.  After  leaving  the  egg,  the 
larva  lives  in  water,  and  then  breathes  by  means  of  gill-sbts,  which  ulti- 
mately disappear,  the  animal  then  becoming  terrestrial. 

As  regards  their  distribution  in  space,  the  species  of  Cacilia 
are  found  in  India,  Africa,  and  South  America ;  Siphonops  and 
Rhinatrema  are  exclusively  Neotropical ;  and  Epicrium  is  ex- 
clusively Asiatic.  Upon  the  whole,  the  Caecilians  should 
probably  be  regarded  as  a  peculiarly  modified  group  of  the 
Urodela. 

Order  II.  Urodela  ( =  Ichthyomorpha^  Owen). — This  order 
is  commonly  spoken  of  collectively  as  that  of  the  "  Tailed " 
Amphibians,  from  the  fact  that  the  larval  tail  is  always  re- 
tained in  the  adult.  The  Urodela  are  characterised  by  having 
the  skinju^cdy  and  destitute  of  any  exoskeleton.  The  body  is 
~ elongaied^posteriorly  to  form  a  compressed  or  cylindrical  tail, 
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which  is  permanently  retained  throughout  life.  The  dorsal 
vertebra  are^  biconcave  (amphicoelous)^  or  concave  behind  and 

Vex  in  front  (ppistJioc<Elous\  and  they  have  short  ribsjittacked 
to  the  transverse  processes.  The  bones  of  tfujore-arm  (radius 
and  ulna)  on  the  one  handy  and  those  of  the  shank  {tibia  and 
fibula)  on  the  other ^  are  not  anchylosed  to  form  single  bones. 

In  one  section  of  the  Urodela  —  hence  called  Perenni- 
branchiaia — the  gills  of  the  larva  persist  throughout  life,  in  the 
form  of  three  plume-like  appendages  on  each  side  of  the  neck 
(fig.  360,  A  and  C),  as  seen  in  the  Siren  and  Menobranchus. 


Fig.  360. — Tailed  Amphibians.    A,  Siren  iacertina;  B,  Amfkiuma.,  showing  the  four 
minute  limbs ;  C,  Menobranchus  macuiatns.    (After  Mivart.) 


In  a  second  section,  termed  Derotremata,  comprising  genera 
such  as  Amphiuma  and  Menopoma,  the  larval  gills  disappear, 
but  the  gill-slits  are  retained  by  the  adult.  In  a  third  section 
{Myctodera),  comprising  the  various  Salamandroids,  the  perfect 
adult  is  destitute  of  both  gills  and  gill-slits. 

Among  the  Perennibrctnchiata^  the  Siren  or  Mud-eel  (fig.  360,  A)  is 
remarkable  for  the  total  absence  of  hind-limbs  and  of  the  pelvic  arches. 
There  are  weak  fore-legs,  with  four  or  three  toes  in  different  species.  The 
Siren  lacertina  grows  to  a  length  of  about  a  yard,  and  is  found  in  the 
swamps  of  the  southern  United  States.  Another  remarkable  form  is  the 
Proteus  anguinus  of  the  subterranean  waters  of  Camiola  and  Dalmatia,  in 
which  both  pairs  of  limbs  are  present,  both  being  short  and  weak,  the 
anterior  having  three  toes  and  the  posterior  two.  The  eyes  in  Proteus  are 
extremely  minute.    The  neck  has  three  gill -plumes  on  each  side  and  two 
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gill-clefts  ;  and  the  animal  grows  to  the  length  of  about  a  foot.  A  third 
well-known  form  is  the  "Mud -puppy"  (Menobranchus  or  Necturus  Utter- 
alis)  of  the  fresh  waters  of  the  Umted  States.  It  reaches  a  couple  of  feet 
in  length,  and  all  its  feet  are  four-toed. 

Forming  a  transition  between  the  Perennibranchiate  Urodelans  and  the 
Salamandroids  is  the  group  of  the  Derotremata^  in  which  the  gill-slits  are 
persistent,  though  the  gills  themselves  disappear.  To  this  group  belong 
the  "Congo-snakes"  {AmpAiuma,  fig.  360,  B),  in  which  the  body  is  long, 
and  both  pairs  of  limbs  are  present,  each  terminating  in  three  toes-.  The 
only  known  species  of  Amphiuma  is  found  in  the  fresh  waters  of  the 
Southern  United  States.  Another  North  American  type  is  the  genus 
Menopoma,  the  only  known  species  of  which  p;rows  to  a  length  of  a^ut  a 
couple  of  feet.  Related  to  the  preceding  is  the  genus  Cryptobranchus 
(Sieboldia\  comprising  the  Giant  Salamanders  of  Japan  and  Cluna.  These 
reach  a  length  of  between  three  and  four  feet,  and  it  is  probable  that  the 
great  Andrias  of  the  Miocene  Tertiary  should  be  placed  in  the  vicinity  of 
this  genus.  C^ 

Lastly,  we  have  the  group  of  the  Salamandroids  {Myctodera\  in  which 
the  adult  is  destitute  of  both  gills  and  gill-slits.  The  three  most  typical 
groups  of  this  section  are  the  Newts  {Triton^  &c),  the  Land-salamanders 
XSalamandra^  &c.),  and  the  Amblystoma.  The  Water-salamanders,  or 
Newts  and  Efts,  are  lizard-like  in  shape,  with  a  vertically -compressed 
swimming-tail  (fig.  361).     The  males  are  commonly  provided  with  a  dorsal 


Fig.  361.— Great  Water-newt  {Triton  cristatus),    (After  Bell.) 

integumentary  crest  at  the  breeding  season.  The  skin  is  smooth  or  warty ; 
and  the  fore-feet  have  four  toes,  while  the  hind-feet  are  five-toed.  The 
vertebne  are  opisthocoelous.  All  the  Water-salamanders  are  Palsearctic 
or  Nearctic,  cpmmon  British  species  being  the  Great  Water-newt  ( Triton 
cristatus)  and  the  Smooth  Newt  {Lissotriton  punciatus).  The  Water-sala- 
manders are  oviparous,  and  the  larvae  live  in  water.  The  advanced  larvae 
differ  from  the  tadpoles  of  the  Frog  in  the  fact  that  the  fore-limbs  appear 
externally  before  the  hind-limbs. 

The  true  Land-salamanders,  like  the  Newts,  are  lizard -like  in  shape, 
but  they  have  comparatively  thick  bodies,  and  the  tail  is  rounded  instead 
of  being  compressed.  The  skin  is  glandular,  and  may  be  smooth  or  warty. 
The  two  known  species  of  the  genus  Salamandra  itself  are  confined  to  the 
Palaearctic  province,  one  being  the  common  Spotted  Salamander  (S,  macu- 
losa) of  Europe  and  North  Africa,  and  the  other  the  Black  Salamander 
{S.  atra)  of  the  elevated  mountain  districts  of  Central  Europe.  In  the 
former  species,  the  young,  on  leaving  the  mother,  have  external  gills,  and 
are  deposited  in  water.  In  S,  atra,  on  the  other  hand,  only  two  embryos 
are  hatched  at  a  time,  and  these  are  retained  within  the  uterine  dilatations 
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of  the  oviducts  until  development  is  £Eir  advanced.  While  thus  retained 
within  the  body  of  the  mother,  the  embryos  have  extraordinarily  long 
external  gills ;  but  they  do  not  leave  the  mother  until  these  are  completely 
lost,  so  that  they  start  external  life  as  genuine  terrestrial  animals. 

Lastly,  the  genus  Amblystoma  comprises  Newt -like  Amphibians,  all  the 
certainly  known  species  of  which — about  twenty  in  number — inhabit  the 
United  States  and  Mexico.  In  their  fully-developed  condition  the  species 
oi  Amblystoma  are  terrestrial  in  habit,  and  feed  upon  insects  ;  but  they  pass, 
in  some  cases  at  any  rate,  through  a  remarkable  metamorphosis,  whicn  has 
only  become  fully  known  of  late  years.  Naturalists  have,  namely,  been 
long  acquainted  with  certain  singular  perennibranchiate  Amphibians  which 
inhabit  lakes  in  Western  North  America  and  Mexico,  and  which  have 
usually  been  known  under  the  name  of  "  Axolotls"  (fig.  362).     Not  only 


Fig.  562. — The  Mexican  Axolotl  {Siredon  pisciforme)^  reduced  in  size.  A,  With  its 
gills;  B,  When  its  gills  have  disappeared  and  it  has  become  an  AnU>lystoma. 
(After  Dumeril.) 

do  the  Axolotls  entirely  lesemble  the  ordinary  perennibranchiate  Urodel- 
ans  in  the  possession  of  three  gill-tufts  on  each  side  of  the  neck,  but  they 
have  fully-developed  reproductive  organs,  and  give  rise  therefore  to  new 
individuals  by  a  true  generative  process.  No  doubt,  therefore,  was  felt  as 
to  the  fact  that  the  Axolotls  were  genuinely  adult  or  mature,  and  the  genus 
Siredon  was  created  for  their  reception.  It  was  however  shown,  more 
than  twenty  years  ago,  that  under  certain  circumstances  the  common 
Mexican  Axolotl  {Siredon  pisci/orme\  when  kept  in  domestication,  might 
lose  its  gills  and  become  caducibranchiate.  It  was  further  found  that  the 
loss  of  the  gills  was  accompanied  by  other  marked  external  and  internal 
changes.  Not  only  did  the  animal  now  become  terrestrial,  and  abandon 
its  former  aquatic  life,  but  it  lost  its  dorsal  and  caudal  fin-crest,  its  tail 
became  round  instead  of  being  compressed,  and  it  underwent  other  re- 
markable changes  as  regards  its  dentition,  its  skeleton,  ^and  its  external 
coloration.  The  Axolotl,  in  fact,  becomes  converted  into  an  Amblystoma. 
This  change  has  not  been  observed  to  take  place  in  the  Mexican  Axolotl 
in  Mexico  itself;  but  it  has  been  found  to  occur  in  this  species  in  other 
localities  (Wyoming  and  Utah),  in  a  state  of  nature.  Moreover,  it  has  been 
shown  that  the  Siredon  lichenoides^  a  common  Axolotl  of  the  mountain- 
lakes  of  the  Western  United  States,  becomes  changed  into  a  species  of 
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Amblystoma  {A,  nutoortium)  while'  in  its  own  natural  habitat.  In  the  case 
of  this  species  many  individuals  pass  towards  the  end  of  summer  into  the 
Amblystoma  condition,  losing  their  gill-tufts,  and  becoming  terrestrial  in 
habit ;  while  a  still  larger  number  persist  in  the  Siredon  stage,  retaining 
their  gills,  and  breeding  freely.  We  have,  therefore,  in  the  case  of  these 
species  of  Amblystoma^  the  highly  remarkable  fact  of  the  existence  of  tailed 
Amphibians  in  two  sexual  conditions.  In  the  one  condition  (Siredon 
stage)  the  animal  is  so  far  larval  that  it  retains  its  gill -tufts,  but  at  the  same 
time  has  the  power  of  reproduction.  In  the  second  condition  (Amblystoma 
stage)  it  has  lost  its  gills,  and  its  general  organisation  has  become  other- 
wise variously  modified.  Remarkable  as  is  the  fact  that  Amblystoma 
should  have  the  power  of  reproduction  while  still  in  the  larval  condition, 
it  is  a  fact  which  does  not  stand  absolutely  alone ;  since  some  of  the  Water- 
salamanders  (Triton  alpestris  and  Lissotriton  punctatus)  have  been  found 
to  be  sometimes  sexually  perfect,  while  still  retaining  their  larval  characters. 

Order  III.  Anoura  or  Batrachia  {Theriomarpha^  Owen). 
— This  order  comprises  the  Frogs  and  the  Toads,  and  is 
characterised  by  the  fact  that  the  larva  possess  external  and 
internal  gills i  gill'Slits^  and  a  taily  while  all  these  structures  are 
wanting  in  the  adult.  The  presacral  vertebrce  never  exceed  nine 
in  number^  and  almost  always  have  procoslous  centra.  Both 
pairs  of  limbs  are  present^  and  the  radius  and  ulna  in  the  fore- 
limb  and  tibia  and  fibula  in  the  hind -limb  are  anchylosed  to 
farm  single  bones.  The  hind-limbs  are  generally  longer  than  the 
fore-limbs^  and  the  manus  has  five  digits. 

The  metamorphosis  in  the  Anoura  is  more  complete  than 
in  any  other  group  of  the  Amphibians,  and  has  previously 
been  briefly  sketched  (see  p.  593).  The  larvae  or  "  tadpoles  " 
mostly  inhabit  water,  and  are  furnished  first  with  external  and 
subsequently  with  internal  gills.  The  hind-limbs  of  the  tad- 
poles become  visible  sooner  than  the  fore-limbs,  as  the  latter 
are  at  first  covered  by  the  opercular  flap  which  grows  over  the 
gills.  In  some  cases  (Nototrema  and  Notodelphys)  the  females 
are  provided  with  brood-pouches  or  saccular  involutions  of  the 
dorsal  integument,  within  which  the  earlier  stages  of  develop- 
ment are  passed.  In  the  case  of  one  of  the  species  of  Hylodes^ 
again,  there  can  hardly  be  said  to  be  any  metamorphosis,  the 
branchise  being  absent  or  evanescent,  while  the  anterior  and 
posterior  limbs  are  developed  contemporaneously,  and  the 
tail  is  absorbed  within  the  first  day  after  emergence  from  the 

In  the  adult  Anoura^  respiration  is  purely  aerial,  and  is  car- 
ried on  by  means  of  lungs,  which  are,  comparatively  speaking, 
well  developed.  As  there  are  no  movable  ribs  by  which  the 
thoracic  cavity  can  be  expanded,  the  process  of  respiration  is 
somewhat  peculiar.  The  animal  first  closes  its  mouth,  and 
fills  the  whole  buccal  cavity  with  air  taken  in  through  the 
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nostrils.  The  posterior  nares  are  then  closed,  and  by  the  con- 
traction of  the  muscles  of  the  cheeks  and  pharynx  the  inspired 
air  is  forcibly  driven  into  the  windpipe  through  the  open 
glottis.  The  process,  in  fact,  is  one  of  swallowing ;  and  it  is 
possible  to  suffocate  a  frog  simply  by  holding  its  mouth  open, 
and  thereby  preventing  the  performance  of  the  above-men- 
tioned actions.  There  can  be  no  doubt,  also,  that  the  skin  in 
these  animals  plays  a  very  important  part  in  the  aeration  of 
the  blood,  and  that  the  frogs  especially  can  carry  on  their 
respiration  cutaneously,  without  the  assistance  of  the  lungs, 
for  a  very  lengthened  period.  This  undoubted  fact,  however, 
should  not  lead  to  any  credence  being  given  to  the  often-re- 
peated stories  of  the  occurrence  of  frogs  and  toads  in  cavities 
in  solid  rock,  no  authenticated  instance  of  such  a  phenomenon 
being  as  yet  known  to  science. 


Fig.  363. — The  Common  Frog  {Rana  temporaria). 

The  order  Anoura  may  be  divided  in  accordance  with  the 
structure  of  the  tongue  into  the  three  sections  of  the  Aglossa, 
Opisthoglossa^  and  Proteroglossa.  These  sections  are  of  an 
extremely  different  value,  the  first  comprising  only  the  two 
genera  Pipa  and  Dactylethra^  and  the  last  including  only  the 
single  genus  Rhinophrynus^  while  all  the  other  forms  of  the 
order  are  contained  in  the  Opisthogiossa, 

In  the  section  of  the  Aglossa  a  tongue  is  not  developed.  The  best- 
known  genus  is  Pipa^  comprising  only  the  *' Surinam  Toad"  (/'.  Ameri- 
cana\  which  inhabits  Guiana.  In  this  curious  Amphibian  the  dorsal 
integument  of  the  female  becomes  greatly  thickened  at  the  breeding  season, 
and  the  impregnated  eggs  are  placed  by  the  male  in  cell-like  cavities  in 
this  soft  integument.     In  these  cavities  the  eggs  are  hatched,  the  larval 
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stages  of  development  being  completed  before  the  young  are  liberated  to 
lead  an  independent  life.  The  only  other  Aglossate  genus  is  Dactylethra^ 
which  dilTers  from  Pipa  in  the  fact  that  the  prsemaxillse  and  maxillae  bear 
small  teeth,  whereas  the  latter  is  toothless.  The  three  inner  toes  of  the 
pes  are  furnished  with  nails,  as  is  the  case  in  no  Amphibian  save  Sala- 
mandra  unguiculata  among  the  Urodelans.  The  few  known  species  oV 
DctctyUtkra  are  confined  to  Africa,  south  of  the  Sahara. 

The  section  Opisthoghssa  comprises  those  forms  in  which  the  tongue  is 
fixed  in  front,  and  free  behind,  and  includes  all  the  ordinary  types  of  the 
order.  ^  Here  only  some  of  the  principal  groups  can  be  noted,  and  that  in 
the  briefest  manner.  Of  the  forms  which  are  usually  called  '*  Frogs,"  the 
family  of  the  Ramda  is  the  most  familiar,  and  comprises  a  number  of 
Anourans,  in  which  the  upper  jaw  carries  small  teeth,  the  digits  are 
pointed  at  their  ends,  and  the  hind  toes  are  webbed.  The  genus  Rana 
Itself  comprises  nearly  eighty  species,  and  has  an  almost  world-wide  dis- 
tribution. No  species  occur  in  the  West  Indies,  the  northern  parts  of  North 
America,  or  the  continent  of  Australia,  the  only  known  species  inhabiting 
the  Australian  province  being  found  in  New  Guinea.  The  common  Grass 
Frog  i^Rana  tetnporaria)  and  the  Edible  Frog  {R.  esculenta)  have  an 
enormously  wide  range.  In  the  Grass  Frog  (fig.  363)  the  manus  has  four 
visible  fingers,  the  thumb  being  rudimentary.  In  the  males  the  innermost 
digit  of  the  hand  has  its  inner  edge  thickened  at  the  breeding  season.  The 
pes  has  five  complete  toes,  of  which  the  fourth  is  the  longest,  and  the  digits 
are  united  by  a  web.  On  the  inner  side  of  the  hallux  is  a  little  homy 
prominence  or  '*calcar."  The  hind-leg  of  the  Frog  looks  as  if  it  were 
made  up  of  four  segments,  the  third  segment  being  really  the  greatly 
elongated  calcaneum  and  astragalus,  which  become  united  oy  their  ends. 
The  Edible  Frog  differs,  among  other  characters,  from  the  Grass  Frog  in 
the  fact  that  the  males  possess  "vocal  sacs" — ue.,  dilated  sacs  placed  on 
each  side  of  the  head  behind  the  angle  of  the  lower  jaw,  and  opening  into 
the  mouth,  their  function  being  that  of  increasing  the  resonance  of  the 
voice.  The  largest  species  of  the  genus  Rana  is  the  great  Bull-frog  {R. 
pipiens)  of  North  America. 

Very  similar  to  the  typical  Frogs  in  most  respects  are  the  Cystignatkida:^ 
in  which,  however,  the  toes  of  the  hind  feet  are  not  webbed.  Most  of  the 
forms  of  this  group  are  South  American.  In  the  Bombinatorida^  again, 
the  organ  of  hearing  is  imperfectly  developed,  or  may  even  be  wanting. 
The  genus  Bombinator  itself  is  represented  by  a  single  species  in  Central 
Europe  and  Italy,  and  is  remarkable  in  the  fact  that  the  centra  of  the 
dorsal  vertebrae  are  opisthocoelous. 

The  great  family  of  the  Bufonida  comprises  most  of  the  forms  which  are 
usually  called  "  Toads,"  in  which  the  digits  are  pointed,  but  there  are  no 
pnemaxillary  or  maxillary  teeth.  In  the  genus  Bufo  the  toes  of  the  hind- 
limb  are  partially  or  completely  webbed,  and  the  hand  has  four  free  digits. 
On  each  side  of  the  neck,  behind  the  eye,  is  a  gland  (**  parotid  gland  '*) 
which  secretes  an  acrid  fluid.  Nearly  a  hundred'species  of  Bufo  are  Known, 
and  have  an  almost  universal  distribution ;  though  only  three  species  are 
found  in  Europe.  The  commonest  of  these  is  the  Common  Toad  (B,  zmi- 
garis)  which  is  found  over  Europe  and  Asia,  and  lives  up  to  heights  of 
10,000  feet  above  the  sea-level.  A  rarer  British  species  is  the  Natterjack 
Toad  {Bufo  calamita).  The  third  European  species  {B,  zfariaMis)  does 
not  occur  in  Britain. 

The  remaining  types  of  the  Opisthoglossate  Anourans  have  the  extremi- 
ties of  the  toes  expanded  to  form  sucking-discs,  and  are  usually  spoken  of 
as  "Tree- Frogs."  They  differ  in  the  form  of  their  toes  from  the  typical 
Frogs,  but  most  of  them  agree  with  these,  and  differ  from  the  Toads,  in 
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having  prsemaxillary  and  maxillary  teeth.  The  typical  family  is  that  of  the 
Hylidue^  the  genus  Hyla  itself  being  represented  by  nearly  ninetr  species, 
the  majority  of  which  are  found  in  South  America  and  m  the  Australian 
province.  The  only  European  species  is  the  widely  distributed  little  green 
Tree-frog  {Hyla  arborea). 

Lastly,  the  section  of  the  Proteroglossa  is  characterised  by  the  fact  that 
the  tongue  is  fixed  behind  and  free  in  front,  while  the  upper  jaw  is  edentu- 
lous. This  section  comprises  the  single  species  Rhinophrynus  dorsalis  of 
Mexico. 

Order  IV.  Stegocephala.  —  Under  this  name  we  may 
group  together  a  large  number  of  extinct  Amphibians  which 
are  usually  spoken  of  as  "  Labyrinthodonts."  This  name  is 
in  allusion  to  the  peculiarly  complex  structure  of  their  teeth, 
the  parietes  of  which  are  folded  inwards  in  a  labyrinthine 
manner,  as   shown  by  transverse   sections  (fig.  364).     The 


Fig.  364. — Section  of  the  tooth  of  Labyrinthodon  (Afasto- 
donsnurus)  y<tgeri,  showing  the  microscopic  structure. 
Greatly  enlarged.    Trias. 


Fig-  365.— a  Skull  of  Laby- 
rinthodon Jtrgeri^  much  re- 
duced in  size;  *Toothof  the 
same.  Trias.  WOrtemberg. 


skull  (fig.  365)  was  broad  and  flattened,  and  was  in  many 
cases  covered  with  a  sort  of  helmet  formed  of  hard  and 
polished  bony  plates,  which  are  commonly  sculptured  exter- 
nally, or  exhibit  peculiar  symmetrical  grooves.  The  skull  is 
united  to  the  vertebral  column  by  two  occipital  condyles. 
Another  extraordinary  feature  is,  that  the  abdomen  was  pro- 
tected by  an  exoskeleton  formed  of  oval  plates  of  bone.  The 
notochord  was  more  or  less  largely  persistent,  most  forms  pos- 
sessing amphicoelous  vertebrae.  In  most  forms  the  vertebral 
column  is  prolonged  into  a  long  caudal  region.  In  Archego- 
saurus,  branchial  arches  seem  to  have  been  present,  though 
whether  they  were  persistent  or  not  is  uncertain. 
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The  condition  of  the  limbs  in  the  Labyrinthodonts  varied 
greatly.  In  Ophiderpeton^  and  in  a  number  of  other  forms, 
no  limbs  appear  to  have  been  developed.  In  the  majority  of 
cases,  however,  both  pairs  of  limbs  were  present,  the  hind- 
limbs  being  larger  than  the  fore-limbs.  This  is  well  shown  by 
the  footprints  of  Labyrinthodonts,  which  have  been  commonly 
preserved,  and  which  show  (fig.  366)  a  series  of  alternate  pairs 
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Fig.  366.— Footprints  of  a  Labyrinthodont  {CMgirotktrium). 


of  hand-shaped  impressions,  the  hinder  piijnt  of  each  pair 
being  much  larger  than  the  one  in  front.  These  footprints 
are  of  common  occurrence  in  the  Triassic  rocks  of  Europe ; 
and  it  being  at  first  unknown  by  what  animal  they  had  been 
produced,  the  genus  Cheirotherium  was  founded  for  their 
reception. 

The  Labyrinthodonts  vary  also  greatly  in  size,  some  forms 
being  of  moderate  dimensions,  while  others  must  have  been 
colossal.  Thus,  the  skull  of  Labyrinthodon  {Mastcdonsaurus) 
JcBgeri  is  upwards  of  three  feet  in  length. 

As  regards  their  distribution  in  time,  the  Labyrinthodonts 
are  not  only  extinct,  but  they  are  only  known  as  occurring  in 
the  Carboniferous,  Permian,  and  Triassic  rocks.  They  attain 
their  maximum  development  in  the  Carboniferous  rocks,  but 
the  largest  forms  occur  in  the  Trias.  It  may  be  added  that  it 
has  been  shown  that  a  large  number  of  Palaeozoic  Amphibians 
which  have  been  spoken  of  under  the  general  title  of  "  Laby- 
rinthodonts "  have  no  "  labyrinthine "  pattern  in  their  teeth, 
and  the  precise  place  which  many  of  these  forms  should  occupy 
is  still  uncertain. 
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CHAPTER    LIV. 

CLASS    IIL-^REPTILIA. 

The  classes  of  the  Reptiles  and  Birds  are  in  many  fundamental 
points  as  regards  their  organisation  closely  connected  with  one 
another,  and  they  have  been  grouped  together  by  Professor 
Huxley  in  the  single  division  of  the  Sauropsida,  This  division 
is  characterised  by  the  fact  that  the  embryo  is  furnished  with 
an  amnion  and  allantois,  and  that  branchiae,  or  water-breathing 
respiratory  organs,  are  never  developed  upon  any  of  the  vis- 
ceral arches  at  any  period  of  life.  The  red  blood-corpuscles 
are  oval  in  shape,  and  are  furnished  with  nuclei  (fig.  315,  b^c). 
The  skull  articulates  with  the  vertebral  column  by  a  single 
occipital  condyle.  The  mandible  is  complex,  being  composed 
of  several  pieces,  and  it  is  attached  to  the  skull  by  the  inter- 
vention of  a  quadrate  bone.  Lastly,  all  the  Sauropsida  are 
oviparous  or  ovo-viviparous. 

The  above  being  the  common  characters  of  the  Sauropsida, 
the  Reptilia  are  distinguished  from  the  Aves  by  the  following 
characters : — 

The  blood  in  Reptiles  is  cold — that  is  to  say,  slightly  warmer 
than  the  external  medium — owing  in  part  to  the  fact  that  the 
pulmonary  and  systemic  circulations  are  always  directly  con- 
nected together,  either  within  the  heart  or  in  its  immediate 
neighbourhood,  so  that  the  body  is  supplied  with  a  mixture  of 
venous  and  arterial  blood,  in  place  of  pure  arterial  blood  alone. 
There  are  never  fewer  than  two  aortic  arches  present  The 
terminations  of  the  bronchi  at  the  surface  of  the  lung  are 
closed,  and  do  not  communicate  with  air-sacs,  placed  in  differ- 
ent pajts  of  the  body.  When  the  epidermis  develops  homy 
structures,  these  are  in  the  form  of  homy  plates  or  scales,  and 
never  in  the  form  of  feathers.     The  fore-limbs  are  formed  for 
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various  purposes,  including  in  some  cases  even  flight,  but  they 
are  never  constructed  upon  the  type  of  the  "  wing "  of  Birds. 
Lastly,  whilst  the  ankle-joint  is  placed  between  the  distal  and 
proximal  portions  of  the  tarsus,  the  tarsal  and  metatarsal  bones 
of  the  hind-limb  are  never  anchylosed  into  a  single  bone. 

The  shape  of  the  body  in  the  Reptiles  is  very  variable,  but 
with  the  exception  of  the  Tortoises  and  Turtles,  they  are 
mostly  of  an  elongated  form,  provided  with  a  longer  or  shorter 
tail,  and  either  limbless  or,  more  usually,  provided  with  two 
pairs  of  variously  constructed  limbs. 

The  exoskeleton  of  Reptiles  usually  has  the  form  of  homy 
scales  or  scutes,  which  are  formed  by  a  hardening  of  the  epi- 
dermis, but  are  not  produced  within  follicles.  Moreover,  the 
dermis  always  takes  part  in  the  formation  of  the  scales.  In 
some  cases,  as  in  Chelpnians  and.  Crocodilians,  the  dermis 
becomes  more  or  less  extensively  hardened  by  ossification,  and 
such  forms  are  grouped  together  under  the  name  of  Loricata^ 
whilst  those  types  which  have  epidermic  scales,  without  dermal 
bones,  have  been  spoken  of  as  the  Squamata, 

As  regards  the  endoskeletotiy  the  notochord  always  shows 
vertebral  segmentation,  and  is  generally  more  or  less  com- 
pletely ossified.  In  a- few  forms  (Geckos,  .S^i4^w^?^«,  and 
certain  extinct  Reptiles),  the  vertebrae  are  amphicoelous,  but 
they  are  usually  proccelous.  Ribs  are  present,  and  are  often 
numerous,  but  a  sternum  may  be  absent  (in  Chelonians, 
Ophidians,  and  a  few  Lizards).  The  skull  is  ossified,  and 
there  is  a  single  occipital  condyle,  often  with  a  trifid  articulat- 
ing surface,  carried  upon  the  ossified  basioccipital  and  exocci- 
pital  bones.  The  mandible  (fig.  311)  is  complex,  each  ramus 
consisting  of  several  pieces,  and  it  is  united  to  the  skull  by 
means  of  a  quadrate  bone  (fig.  367),  which  is  firmly  united 
with  the  skull  in  Chelonians  and  Crocodilians,  but  is  more  or 
less  movable  in  Lizards  and  Ophidians.  Teeth  are  absent  in 
Chelonians  and  in  some  extinct  Reptiles,  but  are  present  in 
the  other  members  of  the  class.  They  are  mostly  adapted  for 
holding  the  prey,  and  not  for  mastication,  and  they  are  in 
general  anchylosed  with  the  bones  which  support  them,  but 
are  fixed  in  sockets  in  Crocodiles  and  in  some  extinct  types. 
The  bones  which  usually  carry  teeth  are^the  mandible  and 
maxillas,  with  or  without  the  prsemaxillae ;  but  in  Snakes  the 
pterygoid  and  palatine  bones  carry  teeth,  as  do  the  former  in 
many  of  the  Lizards. 

Pectoral  limbs  and  their  arches  are  absent  in  the  Snakes,  as 
are  the  pelvic  limbs  also  with  but  partial  exception.  Limbs 
are  also  wanting  in  the  serpentiform  Lizards,  though  in  these 
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cases  the  pectoral  and  pelvic  arches  are  more  or  less  com- 
pletely represented.  In  Reptiles  generally  both  pairs  of  limbs 
are  present ;  but  the  form  of  the  manus  and  pes  varies  much. 
When  the  manus  is  present,  it  never  has  less  than  four  digits, 
and  the  three  innermost  of  these  at  least  are  provided  with 
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Fig.  367.— Skull  of  a  Constricting  Serpent  (Python),  de  Dentary  portion  of  the  man- 
cnble ;  ar  Articular  portion  of  the  mandible ;  qu  Quadrate  bone ;  sq  Squamosal ; 
pc  ProOtic ;  pa  Parietal ;  po  Post-frontal ;  /r  Frontal ;  pr  Pracfronul ;  na  Nasal ; 
pmx  Prsemaxillary ;  mx  Maxillary;  /r Transverse  bone ;  pt  Pterygoid. 

claws.     The  ankle-joint  is  placed  between  the  proximal  and  \ 
distal  rows  of  tarsal  bones,  and  not  between  the  proximal  tar-^ 
sal  bones  and  the  tibia.     Moreover,  the  metatarsal  bones  are 
never  united  with  one  another  and  with  the  distal  row  of 
tarsal  bones,  as  occurs  in  Birds  generally.     There  are  never 
fewer  than  three  digits  in  the  pes. 

The  digestive  system  presents  few  points  of  interest.  The  ali- 
mentary canal  consists  of  a  gullet,  stomach,  and  small  and  large 
intestine,  and  a  liver  and  pancreas  are  present.  The  rectum 
opens  into  a  terminal  dilatation  or  **  cloaca,"  which  also  re- 
ceives the  ducts  of  the  urinary  and  reproductive  organs.  The 
cloacal  aperture  is  longitudinal  or  rounded  in  Chelonians 
and  Crocodilians,  but  is  transverse  in  the  Snakes  and  the 
Lizards. 

As  regards  their  circulatory  system^  the  blood  in  all  Reptiles 
is  cold,  and  the  red  corpuscles  of  the  blood  are  oval  and 
nucleated.  The  heart  consists  of  two  completely  separated 
auricles  (a  right  and  left  auricle),  and  of  an  incompletely 
divided  common  ventricle  (fig.  368).  In  the  Crocodilia  alone 
is  the  septum  between  the  ventricles  a  perfect  one,  and  in 
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these  there  is  still  a  communication  between  the  left  and  right 
sides  of  the  heart  by  means  of  an  aperture  which  connects  the 
two  great  aortic  trunks  at  a  point  just  above  their  origin  from 
their  respective  ventricles.  In  the  most  typical  condition  of 
parts  (fig.  368),  the  circulation  in  the  Reptiles  is  as  follows : 
The  venous  blood  returned  from  the  body  is  poured  into  the 
right  auricle  by  the  great  veins  (two  superior  venae  cavae  and 
one  inferior  vena  cava),  a  "sinus  venosus"  being  generally 
formed  at  the  point  of  junction  of  these.     The  arterial  blood 


Fig.  368.— Plan  of  the  heart  and  great  vessels  of  a  Chelonian,  the  venae  cavae  and  pul- 
monary veins  being  omitted.  V  Common  ventricle ;  Ra  Right  auricle ;  La  Left 
auricle  ;  ra  Right  aorta,  givine  oflf  the  carotid  trunks  {ca) ;  la  Left  aorta,  gi%'ing  off 
the  cceliaco-mesenteric  artery  (cw),  and  joining  the  right  aorta  to  form  the  descend- 
ing aorta  {da) ;  pa  Left  pulmonary  artery ;  /a'  Right  pulmonary  artery;  db  Ductus 
Botalli;  br  Brachial  artery. 

returned  from  the  lungs  is  poured  by  one  or  two  pulmonary 
veins  into  the  left  auricle.  The  common  ventricle  should 
thus,  in  theory,  contain  a  mixture  of  arterial  and  venous  blood  ; 
and  it  undoubtedly  does  do  so  in  actual  fact  to  a  greater 
or  less  extent.  There  are,  however,  arrangements,  in  the 
partial  division  of  the  ventricle  into  a  right  and  left  half,  and 
otherwise,  by  which  the  venous  and  arterial  streams  are  kept 
more  or  less  largely  separate,  and  are  prevented  from  becom- 
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ing  completely  mixed  in  the  ventricle.  The  ventricle  gives  off 
three  great  arterial  trunks.  One  of  these  (fig.  368,  ra)  is  the 
right  aorta  (or  brachio-cephalic  aorta),  which,  though  placed 
on  the  right  side,  really  has  its  origin  from  the  left  side  of  the 
ventricle.  The  second  is  the  left  aorta  {la),  which  springs  in 
reality  from  the  right  side  of  the  ventricle ;  so  that  the  two 
aortae  cross  each  other  more  or  less  clearly  at  their  points  of 
origin  from  the  ventricle.  The  third  great  trunk  is  the  pul- 
monary artery  (/«),  which  carries  venous  blood  to  the  lungs. 
The  right  aorta  is  supplied  principally  with  pure  arterial  blood, 
'  and  it  gives  origin  to  the  great  carotid  trunks  (fig.  368,  ca) 
which  supply  the  head.  The  anterior  part  of  the  body  is  thus 
supplied  with  arterial  blood.  The  left  aorta,  springing  as  it 
does  from  the  right  half  of  the  ventricle,  carries  mixed  blood, 
and  it  gives  off  no  branches  to  the  anterior  part  of  the  body. 
It  gives  origin,  however,  to  the  great  coeliaco  -  mesenteric 
artery  (fig.  368,  cm).  The  right  and  left  aortse  ultimately  join 
with  one  another,  either  by  fusion  or  by  a  connecting-branch, 
to  form  the  descending  aorta  (fig.  368,  da).  As  the  blood  in 
the  left  aorta  is  not  pure  arterial  blood,  it  follows  that  the 
trunk  and  hinder  extremities  are  supplied  with  a  fluid  which 
is  more  or  less  largely  an  intermixture  of  arterial  with  venous 
blood.  The  pulmonary  artery  is  supplied  principally  with 
venous  blood,  which  is  distributed  to  the  lungs.  In  the 
Chelonians  there  exists  a  connecting-vessel  (ductus  Botalli, 
fig-  368,  dd)  between  the  pulmonary  arteries  and  the  systemic 
aorta  on  each  side. 

In  the  Crocodilians,  alone  of  all  Reptiles,  the  partition 
between  the  right  and  left  halves  of  the  ventricle  is  complete, 
so  that  the  right  side  of  the  heart  is  wholly  venous  and  the 
left  side  wholly  arterial.  The  right  ventricle  gives  origin  to 
the  left  aorta  and  to  the  pulmonary  artery,  both  of  which  are 
thus  filled  with  unmixed  venous  blood.  On  the  other  hand, 
the  left  ventricle  gives  off  the  right  aorta,  which  therefore  con- 
tains arterial  blood,  which  it  distributes  to  the  head  and  an- 
terior extremities  through  the  carotid  and  subclavian  trunks. 
Though  the  heart  of  the  Crocodiles  is  thus  completely  separ- 
ated into  a  right  and  left  half,  the  intermixture  of  venous  and 
arterial  blood  which  is  so  characteristic  of  the  Reptiles  takes 
place  in  these  forms  also,  though  not  in  the  heart  itself.  The 
right  and  left  aortae,  carrying  respectively  arterial  and  venous 
blood,  are,  namely,  connected  with  one  another  at  the  point 
where  they  cross,  just  above  their  origin  from  the  ventricles, 
by  the  so-called  "foramen  Panizzse."  By  means  of  this  fora- 
men there  is  an  intermixture  of  the  venous  and  arterial  blood 
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carried  by  the  left  and  right  aortae  respectively.  This  arrange- 
ment is  correlated  with  the  habit  of  the  Crocodilians  of  drown- 
ing their  prey  under  water.  Thus  when  the  animal's  respira- 
tion is  impeded  by  prolonged  submersion,  and  when  the  right 
side  of  the  heart  consequently  tends  to  become  gorged  with 
venous  blood,  the  pressure  is  relieved  by  the  escape  of  the 
venous  blood  from  the  left  aorta  into  the  right  aorta  through 
the  foramen  Panizzae.  There  is,  further,  as  in  Reptiles  gener- 
ally, an  intermixture  of  arterial  and  venous  blood  in  the  sub- 
vertebral  aorta,  which  is  formed  by  the  union  of  the  right  and 
left  aortae,  so  that  the  trunk  and  hind-limbs  are  supplied  with 
mixed  blood. 

The  respiratory  organs  of  Reptiles  are  lungs,  to  which  air  is 
admitted  by  a  trachea,  dilated  superiorly  into  a  larynx,  and 
divided  inferiorly  into  bronchial  tubes.  The  lungs  are  usually 
capacious  sacs,  sometimes  nearly  as  simple  as  in  the  higher 
Amphibians,  but  usually  more  or  less  subdivided  by  internal 
septa.  In  the  Snakes  and  the  serpentiform  Lizards,  one  lung  is 
much  reduced  in  size,  or  may  be  quite  rudimentary.  In  such 
cases  the  principal  functional  lung  is  long  and  tubular,  and  its 
hinder  portion  is  only  an  undivided  membranous  sac,  which 
serves  as  a  reservoir  for  air. 

The  kidneys  are  paired,  and  are  situated  in  the  hinder  por- 
tion of  the  abdominal  cavity,  their  ducts  opening  into  the 
"cloaca."  A  urinary  bladder  is  present  in  Chelonians  and 
Lizards,  but  is  absent  in  Snakes  and  Crocodiles. 

The  brain  of  Reptiles  exhibits  a  decided  advance  upon  that 
of  Fishes  and  Amphibians,  the  cerebral  hemispheres  being 
proportionately  larger,  and  extending  backwards  over  the  optic 
thalami,  while  the  optic  lobes  are  relatively  reduced  in  size. 

Lastly,  the  sexes  in  Reptiles  are  distinct,  and  the  generative 
glands  are  paired.  The  vasa  deferentia  of  the  males  and  the 
oviducts  of  the  females  open  by  separate  apertures  into  the 
cloaca.  The  oviducts  are  long,  sometimes  with  terminal 
"  uterine "  dilatations,  and  the  eggs  in  their  passage  through 
the  oviduct  acquire  a  membranous  or  calcareous  shell.  Fer- 
tilisation is  always  internal,  and  the  majority  of  the  Reptiles 
are  strictly  oviparous,  a  few  forms  being  ovo-viviparous. 

The  Reptiles  have  representatives  in  almost  all  regions,  but 
the  Crocodilians  are  exclusively  confined  to  tropical  countries. 
Most  of  the  existing  Reptilia  are  terrestrial,  but  the  Croco- 
dilians and  many  of  the  Chelonians  are  amphibious,  while  the 
Hydrophidce  and  Turtles  are  essentially  aquatic.  No  existing 
Reptiles  are  adapted  for  flight. 

As  regards  their  distribution  in  time,  the  earliest  certain  re- 
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mains  of  Reptiles  are  found  towards  the  close  of  the  Palaeozoic 
period,  in  the  Permian  rocks.  Here  we  meet  with  representa- 
tives of  the  Lacertilians,  which  do  not  seem  to  differ  in  im- 
portant respects  from  existing  Lizards.  The  Chelonians  make 
their  first  undoubted  appearance  in  the  Jurassic  rocks ;  while 
the  Crocodilians  are  found  in  the  still  older  Triassic  deposits. 
The  Snakes,  finally,  do  not  appear  till  the  Tertiary  period  is 
reached.  Not  dnly  are  all  the  existing  orders  of  Reptiles 
represented  by  extinct  forms,  but  the  Secondary  rocks  have 
yielded  the  remains  of  a  very  large  number  of  fossil  Reptiles 
which  belong  to  several  wholly  extinct  orders^  the  characters 
of  which  will  be  briefly  noticed  later  on. 


CHAPTER    LV. 

DIVISIONS    OF  REPTILES. 

Chelonia. 

The  class  Reptilia  is  divided  into  the  following  ten  orders,  of 
which  the  first  four  are  represented  by  living  forms,  whilst  the 
remaining  six  are  extinct : — 

1.  Chelonia  (Tortoises  and  Turtles).  \ 

2.  OpAi^aiSn^^^^^^  Ueceht. 

3.  Lacertiha  (Lizards).  1 

4.  Crocodilia  (Crocodiles  and  Alligators).   ) 

5.  Ichthyopterygia. 

6.  Sauropierygia, 

7.  Anomodontia.  VExtinct 

8.  Pterosauna. 

9.  Deinosauria. 
10.  Theriodontia. 

Order  I.  Chelonia. — The  first  order  of  living  Reptiles  is 
that  of  the  Chelonia,  comprising  the  Tortoises  and  Turtles,  and 
distinguished  by  the  following  characters :  There  is  an  osseous 
exoskeleton  which  is  combined  with  the  endoskeleton  to  form  a 
kind  of  bony  case  or  box  in  which  the  body  of  the  animal  is 
enclosed^  and  which  is  covered  by  a  leathery  skin,  or,  more 
usually,  by  homy  epidermic  plates.  The  dorsal  vertebra,  with 
the  exception    of  the  firsts  are  immovably  connected  together, 
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and  are  devoid  of  transverse  processes.  The  ribs  are  greatly 
expanded  (fig.  369),  and  are  united  to  one  another  by  sutures^ 
so  that  the  walls  of  the  thoracic  cavity  are  immovable.  All 
the  bones  of  the  skull  except  the  lower  jaw  and  the  hyoid  bone  are 
immovably  united  together.  There  are  no  teeth,  and  the  jaws  are 
encased  in  horn  so  as  to  form  a  kind  of  beak.  The  tongue  is 
thick  and  fleshy.     The  heart  is  three-chambered,  the  ventricular 


Fig.  369.— Skeleton  and  carapace  of  the  Loggerhead  Turtle  {Ckelone  caouanna), 
viewed  from  below,  the  plastron  being  removed. 

septum  being  imperfect.  There  is  a  large  urinary  bladder,  and 
the  anal  aperture  is  longitudinal  or  circular.  The  lungs  are 
voluminous,  and  respiration  is  by  swallowing  air,  as  in  the 
Frogs. 

The  skull  of  the  Chelonians  consists  of  bones,  which,  with 
the  exception  of  the  mandible  and  hyoid,  are  immovably  joined 
to  one  another.     The  pieces  which  compose  each  ramus  of 
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the  mandible  are  anchylosed  with  one  another,  and  the  two 
rami  are  similarly  anchylosed  in  front.  The  quadrate  bone  is 
immovably  fixed  to  the  skull,  and  is  joined  to  the  maxilla  by 
the  quadrato-jugal  and  jugal  bones.  The  temporal  fossae  are 
more  or  less  extensively  roofed  over  by  wide  lateral  extensions 
of  the  parietal  bones,  which  join  extensions  of  the  postfrontal, 
jugal,  quadrato-jugal,  and  squamosal  bones.  There  are  no 
teeth,  and  the  edges  of  the  jaws  are  sheathed  in  horn,  consti- 
tuting a  kind  of  beak. 

The  thoracico-abdominal  case  within  which  the  body  of  a 
Chelonian  is  enclosed  (fig.  369)  consists  of  two  principal 
divisions,  a  superior  or  dorsal  piece,  of  a  more  or  less  con- 
vex shape,  termed  the  "carapace,"  and  an  inferior  or  ven- 
tral piece,  generally  flat  or  concave,  called  the  "plastron." 
The  carapace  and  plastron  are  firmly  united  along  their  edges, 
but  are  excavated  in  such  a  way  as  to  leave  an  opening  in 
front  and  behind,  the  anterior  serving  for  the  passage  of  the 
head  and  fore-limbs,  while  the  tail  and  hind-limbs  pass  through 
the  other.  The  limbs  and  tail  can  usually  be  withdrawn  under 
the  shelter  of  the  case  thus  formed  by  the  carapace  and  plas- 
tron, and  the  head  is  also  often  similarly  retractile. 

The  carapace  or  dorsal  shield  (figs.  370,  371)  is  composed 
of  the  following  elements  : — 

(i.)  The  neural  spines  of  all  the  dorsal  vertebrce,  except  the 
first  and  last,  which  are  flattened  out  laterally,  and  form  a 
series  of  median  plates,  firmly  united  with  one  another  by 
indented  sutures,  and  termed  the  "  neural  plates"  (fig.  371,  «). 
As  there  are  only  ten  dorsal  vertebrae,  and"  as  the  first  and 
tenth  do  not  enter  directly  into  the  composition  of  the  cara- 
pace, there  are  only. eight  "neural  plates,"  strictly  so  called. 
The  eighth  neural  plate  is,  however,  followed  by  three  addi- 
tional median  plates,  which  have  also  been  generally  termed 
"  neural  plates,"  but  which  do  not  become  directly  connected 
with  the  vertebrae  below. 

(2.)  The  above-mentioned  series  of  median  plates  is  com- 
pleted in  front  and  behind  by  unpaired  plates,  of  which  the 
anterior  (fig.  370,  nu)  is  termed  the  "nuchal  plate,"  while  the 
posterior  one  (sometimes  wanting)  is  called  the  "  pygal  plate  " 

(fig-  370,  py)' 

(3.)  The  eight  proper  neural  plates  are  bordered  on  each 
side  by  eight  long  flattened  plates,  which  are  firmly  united  with 
the  median  series,  and  laterally  with  each  other,  by  sutures 
(fig.  370,  c).  These  lateral  pieces  are  made  up  principally  of 
the  laterally  expanded  ribs,  the  heads  of  which  are  joined 
directly  with  the  vertebrae.     To  the  upper  surface  of  each  rib 
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there  is,  however,  anchylosed  a  broad  dermal  plate  of  bone, 
which  is  termed  a  "costal  plate."  These  costal  plates  are 
united  with  one  another  laterally  by  sutures,  and  become 
similarly  joined  at  their  inner  ends  with  the  neural  plates  (fig. 
371,  if).  In  many  cases  the  costal  plates  are  not  as  long  as 
the  ribs,  and  the  latter  are  too  narrow  towards  their  ends  to 
become  connected  with  one  another  laterally.  In  such  cases 
there  are  marginal  apertures  between  the  ribs  towards  their 


Fig.  37a— Carapace  of  the  Loggerhead  Turtle  {Ckehne  caouanna^  viewed  from  ahove 
(after  Owen).    In  this  form,  the  ribs  are  separate  and  free  towards  their  extremities, 
and  the  osseous  portions  of  the  carapace  are  indicated  by  the  light  lines,  while  the 
__!j       ?_    .        are  marked  out  by  dark  lines.    i»i»  The  first  and  1        '* 
U  plates":  cc  llie  expanded  ribs  or  ''costal 
mai:g^nal  | 


epidermic  plates  are  marked  out  by  dark  lines,  n  n  The  first  and  last  of  the  median 
series  of  "neural  plates";  cc  Tht  expanded  ribs  or  ''costal  plates";  mm  The 
first  "  mai:g^nal  plate  "  on  each  side ;  hh  Nuchal  plate ;  ^y  Pygal  plate  ;  rv  Median 


scries  of  epidermal  plates,  or  "vertebral  scutes." 


extremities,  and  these  openings  are  simply  covered  by  the 
integuments  (figs.  369,  370). 

(4.)  The  margin  of  the  carapace  is  completed  by  a  peripheral 
series  of  bony  plates,  which  are  known  as  the  "  marginal  plates" 
(fig.  370,  371,  m),  and  which  are  of  the  nature  of  dermal  ossi- 
fications.    The  "  marginal  plates,"  twelve  in  number  on  each 
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side,  as  a  rule,  are  suturally  joined  to  each  other,  as  also  to 
the  nuchal  plate  in  front  and  the  pygal  plate  behind,  while 
they  are  connected  with  the  ribs  internally. 

The  plastron  or  ventral  shield  (fig.  372)  is  more  or  less  flat- 
tened, and  is  composed  of  nine  bony  pieces,  of  which  eight  are 


Fig.  371. — Tnmtvcnt  section  of  the  skeleton  otChelout  ntidas  in  the  dorsal  region,  c 
Body  of  one  of  the  dorsal  vertebrae ;  n  Expanded  spinous  process  or  "  neural  plate  " 
of  the  same  ;  r  r  Ribs;  c'  <f  "  Costal  plates" ;  m  m  Marginal  plates;  ^/  Lateral 
elements  of  the  plastron.    (After  Huxley.) 

in  pairs,  and  the  ninth  is  placed  anteriorly,  and  is  unpaired. 
The  unpaired  plate  and  the  first  pair  of  the  paired  plates  (the 
"  entostemal "  and  "  epistemal "  plates  of  Owen)  represent  an 
interclavicle  and  a  pair  of  clavicles.  The  remaining  three 
pairs  of  plates  are  known  respectively,  from  before  backwards, 
as  the  hyoplastra,  hypoplastra,  and  xiphiplastra  (the  "  hyo-," 
**  hypo-,"  and  "  xiphi-sternals  "  of  Owen),  and  are  of  the  nature 
of  dermal  bones,  as  are  also  the  three  anterior  plates. 

Both  the  carapace  and  plastron  are  covered  by  a  series  of 
homy  plates  (rarely  wanting),  which  are  developed  in  the 
epidermis,  and  which  are  perfectly  distinct  from  the  bones 
which  they  cover.  As  encasing  the  upper  surface  of  the 
carapace,  these  plates  (which  in  some  species  constitute  the 
"tortoise-shell"  of  commerce)  have  a  general  arrangement 
conforming  with  that  of  the  bony  plates  beneath,  though  there 
is  no  numerical  correspondence  between  the  two.  Thus  the 
carapace,  as  we  have  seen,  consists  of  (i)  a  median  series  of 
"neural"  plates  developed  from  the  vertebrae;  (2)  a  lateral 
series  of  "  costal "  plates  on  each  side,  corresponding  with 
and  largely  formed  by  the  ribs ;  and  (3)  a  peripheral  series  of 
"marginal"  plates  (see  fig.  370).  Similarly,  the  epidermic 
plates  (fig.  370)  are  arranged  in  (i)  a  median,  "vertebral,"  or 
"  neural "  series ;  (2)  a  lateral  series  on  each  side,  of  "  costal " 
scutes;  and  (3)  a  series  of  "marginal"  scutes.  The  "verte- 
bral" scutes,  however,  are  on\y  five  in  number;  and  each 
series  of  "  costal "  scutes  consists  only  of  four  pieces,  so  that 
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the  number  of  epidermic  plates  is  much  smaller  than  that  of 
the  bony  plates  beneath.  The  "marginal"  scutes,  on  the 
other  hand,  correspond  in  number  with  the  "marginal  plates" 
beneath  them.     They  are,  therefore,  twenty-four  or  twenty-six 


Fig.  372. — Bones  of  the  plastron  of  the  Loggerhead  Turtle  (jCMofU  ca/manna).  s  En- 
toplastron  ;  es  Epiplastron ;  hs  Hyoplastron ;  ps  Hypoplastron ;  xs  Xiphiplastron. 
(After  Owen.) 

in  number,  the  anterior  scute  in  the  middle  line  being  distin- 
guished by  the  epithet  of  "  nuchal,"  while  the  corresponding 
scute  behind  is  termed  "pygal." 

Both  pairs  of  limbs  are  present  in  the  Chelonians,  and  the 
pectoral  and  pelvic  arches  are  within  the  carapace,  to  which, 
to  begin  with,  they  are  external,  only  becoming  enclosed  in  the 
process  of  growth.  The  scapula  is  a  rod-like  bone,  the  upper 
end  of  which  is  connected  with  the  transverse  process  of  the 
first  dorsal  vertebra.  Fused  with  the  scapula  is  a  precoracoid 
bone  ("acromion"),  which  is  connected  inferiorly  with  the 
unpaired  "  entoplastral "  plate  of  the  plastron.  The  pectoral 
arch  is  completed  by  a  large  and  separate  coracoid  bone. 

The  Chelonians  are  divided  into  five  principal  families,  as  follows  : — 
(I.)  Cheloniida. — This  family  includes  the  true  Turtles,  characterised  by 
the  depressed  and  flattened  form  of  the  carapace,  and  the  adaptation  of 
the  limbs  to  act  as  swimming  paddles.  The  digits  in  both,  pairs  of  limbs 
are  undistinguishably  united  by  the  skin,  and  only  one  or  two,  or  none  of 
them  have  nails,  while  the  hind-limbs  are  directed  backwards  in  the  axis 
of  the  body,  and  the  anterior  limbs  are  much  the  longest.     The  Turtles 
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are  all  inhabitants  of  warm  seas,  and  only  visit  land  for  the  purpose  of 
depositing  their  eggs  in  holes  which  they  scrape  in  the  sand.  The  best- 
known  species  are  the  ** Edible"  or  Green  Turtle  {Chelone  tnidas),  the 
Loggerhead  Turtle  {Cheloru  €aouanna\  the  Hawk's-bill  Turtle  (C.  imbri- 
cata)t  and  the  Leathery  Turtle  {Spkargis  coricuea).  The  Green  Turtle  is 
largely  imported  into  this  country  as  a  delicacy,  and  occurs  abimdantly  in 
various  parts  of  the  Atlantic  and  Indian  Oceans.     The  Hawk's-bill  Turtle 


Fig*  373.— Hawk's-bill  Turtle  {Chelone  tmMcaia)— aher  Bell. 


is  of  even  greater  commercial  importance,  as  the  horny  epidermic  plates  of 
the  carapace  constitute  the  **  tortoise-shell "  so  largely  used  for  ornamental 
purposes.  The  Leathery  Turtle  is  remarkable  in  having  the  carapace 
covered  with  a  leathery  skin  in  place  of  the  horny  plates  which  are  found 
in  other  species. 

(2.)  Trionya'da.— The  so-called  "Soft  Tortoises"  or  *' Mud-turtles " 
are  included  in  this  family,  and  are  distinguished  by  the  imperfect  develop- 
ment of  the  carapace,  the  ribs  being  expanded  and  united  to  one  another 
near  their  bases  only,  and  its  upper  surface  being  covered  with  a  leathery 
skin.  The  horny  jaws  are  furnished  with  fleshy  lips  ;  and  the  feet  are  five- 
toed,  the  toes  being  webbed,  but  only  three  of  them  bearing  nails.  All 
the  Trionycida:  inhabit  fresh  water  and  are  carnivorous.  A  good  example 
is  the  Soft -shelled  Turtle  {Trionyx  fcrox)  of  the  Southern  United  States, 
which  grows  to  a  length  of  over  a  foot. 

{3.)  Chelydidie, — The  members  of  this  family  are  amphibious  Chelonians, 
which  have  the  carapace  covered  with  epidermal  shields,  and  the  head  and 
limbs  not  retractile.  Like  the  preceding,  they  are  carnivorous  in  habit, 
and  have  a  hooked  and  sharp-edged  beak.  A  well-known  type  is  the 
great  Snapping  Turtle  {Chelydra  serpnitina)  of  the  United  States,  which 
grows  to  a  length  of  four  or  five  feet. 

(4. )  Emydida.  —  The  *  *  Terrapins, "  *  *  Pond  -  tortoises,  '*  and  *  *  River- 
tortoises  "  included  in  this  family  are  amphibious  in  their  habits,  and  live 
in  marshes,  ponds,  and  still  streams.  The  carapace  is  depressed,  and  the 
feet  have  movable  toes  united  by  a  web.     They  live  upon  both  animal  and 
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vegetable  food.    The  Emydida  are  widely  distributed,  many  of  them  being 
found  in  North  America. 

(5.)  Testudinida. — The  "  Land-tortoises  "  have  a  strongly  convex  cara- 
pace, beneath  which  the  head,  limbs,  and  tail  can  be  completely  retracted. 
The  limbs  are  short,  with  the  digits  united  together  and  furnished  with 
hoof-like  nails.  The  Testudinida  are  terrestrial  in  their  habits  and  are  v^e- 
table  feeders.  The  type-genus  is  Testudo^  the  species  of  which  are  mostly 
African  and  Asiatic,  though  forms  are  found  in  Southern  Europe  and 
North  America.  A  familiar  species  is  the  Testudo  grcccay  which  inhabits 
the  countries  bordering  the  Mediterranean,  and  is  often  imported  into  this 
country.  Gigantic  Land-tortoises,  of  several  species,  are  found  in  the 
Galapagos  Islands.  Another  gigantic  species,  which  grows  to  four  feet  in 
length,  is  found  in  Aldabra  Island,  to  the  north-west  of  Madagascar ;  and 
another  huge  species,  now  extinct,  inhabited  the  Mascarene  Islands. 

As  regards  their  distribution  in  time,  the  earliest  unequivocal 
remains  of  Chelonians  are  found  in  the  Jurassic  rocks,  and 
belong  to  the  marine  Turtles  {Cheionii(ke),  Terrapins  (Emy- 
dida)  also  appear  in  the  Secondary  period.  In  the  Tertiary 
rocks  remains  of  all  the  leading  groups  of  Chelonians  are 
found,  the  true  Land-tortoises  being  now  represented  for  the 
first  time.  A  gigantic  Chelonian — Colossochelys  atlas — which 
seems  to  have  attained  a  length  of  fifteen  or  eighteen  feet,  is 
found  in  the  Tertiary  deposits  of  India. 


CHAPTER    LVI. 

Ophidia. 

Order  II.  Ophidia. — The  second  order  of  Reptiles  is  that  of 
the  Ophidia^  comprising  the  Snakes  and  Serpents,  and  distin- 
guished by  the  following  characters  : — 

The  body  is  always  more  or  less  elongated,  cylindrical^  and 
worm-like,  and  whilst  possessing  a  covering  of  homy  scales,  is 
ahuays  unprovided  with  a  bony  exoskeleton.  The  dorsal  vertebra 
are  concave  in  front  {procoelous),  with  rudimentary  transverse 
processes.  There  is  never  any  sternum,  nor  pectoral  arch,  nor 
fore-limbs,  nor  sacrum,  and  the  pelvic  arches  and  hind-limbs  are 
wanting,  or  are  only  present  in  a  rudimentary  condition.  The 
ribs  are  numerous,  but  a  sternum  is  not  developed.  The  two 
rami  of  the  mandible  are  connected  in  front  by  ligaments  and 
muscles  only,  and  tJie  quadrate  is  movable,  as  also  is  the  squa- 
mosal bone  with  which  it  articulates.  Hooked  conical  teeth  {xre 
present,  but  they  are  never  sunk  in  distinct  sockets  or  alveoli. 
The  ventricle  of  the  heart  is  incompletely  divided;  the  lungs  are 
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mostly  bilaterally  unsymmetrical,  one  being  rudimentary  or  re- 
duced in  size;  there  is  no  urinary  bladder ;  and  the  aperture  of 
the  cloaca  is  transverse. 

The  exoskeleton  of  the  Snakes  consists  of  epidermic  scales 
developed  upon  corresponding  areas  of  the  dermis.     In  gen- 


Fig.  374. — The  Rattlesnake  {Crotalus  durissus). 

eral,  the  scales  are  flat  and  overlap  one  another,  but  they  are 
sometimes  tubercular  and  do  not  overlap.  The  abdomen  is 
covered  with  transversely-elongated  scales  or  "  scuta,"  of  com- 
paratively large  size,  and  large  shields  or  scutes  are  often 
developed  in  the  cephalic  region  as  well  (fig.  380).  Snakes 
"  moult,"  or  thro^v  off  their  epidermic  investment  periodically. 
The  endoskeleton  is  always  ossified,  and  the  vertebral  column 
is  very  long  and  is  composed  of  numerous  vertebrae  (over  four 
hundred  in  some  of  the  large  Pythons),  but  the  number  of 
vertebrae  is  not  constant  even  in  the  same  species.  The 
centra  of  the  vertebrae  are  procoelous,  and  the  neural  arches 
of  successive  vertebrae  are  joined  by  accessory  articular  pro- 
cesses ("  zygosphenes  "  and  "  zygantra  ").  The  caudal  vertebrae 
have  long  transverse  processes  and  no  ribs.  The  precaudal 
vertebrae  (except  the  atlas)  carry  slender  tapering  ribs  attached 
to  short  transverse  processes.  In  the  absence  of  a  sternum, 
the  ribs  are  extremely  movable,  and  are  terminated  by  taper- 
ing cartilages,  which  are  attached  by  muscular  connections  to 
the  abdominal  epidermic  shields.  By  means  of  this  arrange- 
ment the  Snakes  are  enabled  to  glide  rapidly  along  the 
ground,  walking,  so  to  speak,  upon  the  ends  of  the  ribs,  the 
movements  of  which  successively  raise  and  depress  the  ab- 
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dominal  scuta.  This  peculiar  mode  of  progression  is  facili- 
tated by  the  extreme  mobility  of  the  whole  vertebral  column, 
conditioned  by  the  cup-and-ball  articulation  of  the  bodies  of 
the  vertebrae  with  one  another. 

The  skull  of  the  Snakes  is  well  ossified,  the  cranial  bones 
being  distinct.  The  mandible  is  complex,  and  is  united  to  a 
long  and  movable  quadrate  bone  (fig.  375,  qu\  which  is  in 

na        pr  fr      po  pa       pc       sq 


Fig.  375'— Skull  of  a  Constricting  Serpent  i^Pvihon).  de  Dentary  portion  of  the  man- 
dinle ;  ar  Articular  portion  of  the  mandible  ;  qu  Quadrate  bone  ;  sq  Smiamosal ;  pc 
Profttic  \  pa  Parietal ;  ^o  Postfrontal ;  fr  Frontal ;  /r  Praefrontal ;  »a  Nasal ;  pnuc 
Pncmaxifla ;  tux  Maxilla ;  tr  Transverse  bone  ;  //  Pterygoid. 

turn  united  with  a  movable  squamosal  bone  (fig.  375,  sq).  The 
symphysis  of  the  mandible  is  loose,  the  two  rami  being  only 
united  by  elastic  ligaments,  and  thus  moving  independently. 
The  maxillae  are  sometimes  long,  with  numerous  teeth  (fig. 
375,  mx\  or  they  may  be  much  shortened,  and  may  carry  few 
teeth,  or  but  a  single  tooth.  The  praemaxillae  {pmx)  are 
usually  toothless,  but  they  are  dentigerous  in  the  Pythons. 
The  pterygoid  and  palatine  bones  carry  more  or  fewer  teeth, 
as  do  the  dentary  pieces  of  the  mandible.  All  the  teeth  are 
conical,  recurved,  and  anchylosed  with  the  bones  to  which 
they  are  attached,  being  suited  for  killing  or  holding  the  prey, 
and  not  for  mastication. 

Owing  to  the  above  peculiarities  in  the  structure  of  the 
jaws,  and  particularly  to  the  backward  position  of  the  movable 
quadrate  bones,  and  the  loose  mandibular  symphysis,  Snakes 
are  enabled  to  open  the  mouth  laterally,  as  weU  as  vertically, 
and  to  swallow  comparatively  immense  morsels  entire.  More- 
over, each  mandibular  ramus  has  the  power  of  independent 
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motion,  the  prey  being  drawn  into  the  gullet,  by  the  alter- 
nate protrusion  and  withdrawal  of  the  ramus  first  on  one  side 
and  then  on  the  other. 

The  pectoral  limbs  and  their  arches  are  entirely  wanting  in 
all  Snakes.  The  pelvic  limbs  and  their  arches  are  also  usually 
wanting,  but  are  occasionally  (^.^.,  Python  and  Tortrix)  present 
in  a  rudimentary  condition,  the  only  outward  evidence  of  their 
existence  being  the  presence  at  the  sides  of  the  cloacal  opening 
of  a  pair  of  short  homy  claws  or  spurs  ("  calcaria  "). 

The  tongue  in  the  Snakes  {^g,  376,  B)  is  probably  an  organ 
more  of  touch  than  of  taste.  It  consists  of  two  muscular  cylin- 
ders, united  towards  their  bases,  but  free  towards  their  extrem- 
ities.   The  bifid  organ,  thus  constituted,  can  be  protruded  and 


B    ^^ 


Fig.  376.— A,  Diagram  of  the  eye  of  a  Serpent  (after  Cloquet) :  a  Ball  of  the  eye  covered 
by  a  conjunctival  sac,  into  which  the  lachrymal  secretion  is  discharged ;  b  Optic 
nerve  ;  d  Antocular  membrane,  formed  by  the  epidermis ;  e  e  Ring  of  scales  surround- 
ing the  eye.  B,  Head  of  the  common  Viper  {Peiias  berus),  showmg  the  bifid  tongue, 
and  the  poison-fangs  in  the  upper  jaw.    (After  Bell.) 

retracted  at  will,  being  in  constant  vibration  when  protruded, 
and  being  in  great  part  concealed  by  a  sheath  when  retracted. 

As  regards  the  eye  of  Serpents  {fig.  376,  A),  the  chief 
peculiarity  lies  in  the  manner  in  which  it  is  protected  exter- 
nally. There  are  no  eyelids,  and  hence  the  stony  unwinking 
stare  of  all  snakes.  In  place  of  eyelids,  the  eye  is  surrounded 
by  a  circle  of  scales  (e^),  to  the  circumference  of  which  is 
attached  a  layer  of  transparent  epidermis,  which  covers  the 
whole  eye  (d)j  and  is  termed  the  antocular  membrane.  This 
is  covered  internally  by  a  thin  layer  of  the  conjunctiva,  which 
is  reflected  forwards  from  the  conjunctiva  covering  the  ball  of 
the  eye  itself.  In  this  way  a  cavity  or  chamber  is  formed 
between  the  two  layers  of  conjunctiva,  and  the  lachrymal 
secretion,  by  which  the  eye  is  moistened,  is  received  into  this. 
The  outer  epidermic  layer  (antocular  membrane),  covering  the 
ball  of  the  eye  in  front,  is  periodically  shed  with  the  rest  of  the 
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epidermis,   the  animal  being  rendered   thereby  temporarily 
blind. 

The  alimentary  canal  of  the  Snakes  is  long,  in  correspondence 
with  the  elongated  form  of  the  body,  and  the  transversely- 
folded  intestine  opens  into  the  cloaca,  the  aperture  of  which 
is  transverse. 

The  lungs  are  unsymmetrical,  long  and  tubular.  The  left 
lung  is  in  general  rudimentary  or  absent,  and  the  right  lung  ter- 
minates posteriorly  in  a  smooth  membranous  sac  or  aii^reservoir. 

Snakes  are  for  the  most  part  oviparous,  laying  soft  ovate 
eggs,  which  are  in  general  hatched  by  the  heat  of  the  sun. 
The  Sea-snakes  and  Vipers  are,  however,  ovo-viviparous,  the 
eggs  being  hatched  within  the  oviducts  and  the  young  expelled 
alive. 

The  Snakes  are  almost  universally  distributed,  but  they  are 
much  more  abundant  in  hot  regions  than  in  cold,  and  no  forms 
of  the  order  occur  within  the  Arctic  circle.  All  the  large 
Snakes  are  inhabitants  of  tropical  regions.  The  Snakes  of 
cold  and  temperate  regions  pass  the  winter  in  a  state  of  tor- 
pidity. They  are  all  carnivorous,  living  on  animals  or  on  the 
eggs  of  birds,  and  only  feeding  at  prolonged  intervals. 

As  regards  their  distribution  in  time,  the  earliest  known  re- 
mains of  Ophidians  are  from  the  Eocene  Tertiary,  and  indicate 
the  existence  of  large  constricting  Serpents  {Palaaphis  and 
Dinophis),  In  some  of  the  later  Tertiary  deposits  the  fangs 
of  venomous  Snakes  have  been  found.  Upon  the  whole, 
however,  the  Ophidians  would  appear  to  be  a  comparatively 
modem  group. 

About  a  thousand  species  of  Snakes  are  known,  of  which 
perhaps  a  third  are  poisonous.  The  order  Ophidia  may  be 
divided  into  the  following  sub-orders: — 

Sub-order  I.  Solenoglypha. — This  sub-order  includes  the 
Viperine  and  Crotaline  Snakes  (Vipers,  Rattlesnakes,  &c.), 
characterised  by  their  broad,  flattened,  triangular  heads,  and  by 
the  nature  of  their  dentition.  The  maxilla  is  in  these  Snakes 
much  shortened,  and  often  hollowed  out,  and  it  carries  a  single 
large  fang,  behind  which  small  solid  teeth  are  not  developed 
(fig.  377,  mx).  Not  only  is  the  maxilla  very  short,  but  it  is 
capable  of  free  movement  upon  the  rounded  anterior  end  of 
the  prefrontal  (lachrymal)  bone,  and  the  maxilla  can  be  ele- 
vated or  depressed  by  the  peculiar  arrangement  of  the  other 
bones  of  the  mouth.  Thus,  articulated  with  the  hinder  aspect 
of  the  maxilla  is  a  long  slender  bone  (the  "transverse  bone," 
or  "  ectopterygoid "  of  Owen,  fig.  377,  tr\  which  in  turn  is  • 
connected  behind  with  the  long  pterygoid  bone.     This  latter 
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(fig.  377,//)  is  connected  directly  with  the  front  face  of  the 
quadrate  bone  {qu).  When,  therefore,  the  mouth  is  opened, 
the  depression  of  the  mandible  pushes  the  quadrate  forward, 
and  this  in  turn  pushes  the  long  rod  formed  by  the  pterygoid 


pmx 


Fig.  377.— Skull  of  a  Rattlesnake  {Crotaius  dur/ssus),  viewed  from  one  side  :  de  Dcntary 
portion  of  the  mandible ;  ar  Articular  portion  of  the  mandible  ;  gu  Quadrate  bone  ; 
sg  Squamosal ;  /*  Postfrontal ;  ^  Prefrontal ;  na  Nasal ;  ^tiuc  Praemaxilla ;  fKJC 
Maxilla,  carrying  the  poison-fang  ;^  //  Palatine,  the  front  end  of  the  bone  being 
represented  by  the  dotted  line  as  if  seen  tkrougk  the  maxilla ;  pt  Pterygoid  ;  tr 
Transverse  bone ;  bo  Basioccipital.    (After  Huxley.) 

and  transverse  bones,  thus  forcing  the  maxilla  to  rotate  upon 
the  prefrontal,  and  elevating  the  fang.  On  the  other  hand, 
when  the  mouth  is  closed,  the  reverse  of  this  takes  place,  so 
that  the  fang  comes  to  lie  nearly  horizontally  along  the  palate, 
in  which  position  it  is  hidden  between  folds  of  the  mucous 
membrane  of  the  mouth. 

The  maxillary  fang  itself  is  a  long  conical  tooth,  so  inrolled 
upon  itself  as  to  give  rise  to  a  deep  groove  along  its  anterior 
aspect.  In  the  present  group  of  Snakes,  the  groove  thus 
formed  is  converted  into  an  actual  canal  by  the  union  behind 
of  its  bounding  laminae,  and  the  tube  thus  produced  opens  at 
the  extremity  of  the  fang  by  a  minute  fissure.  Connected 
with  the  poison-fang  is  a  poison-gland  (fig.  378,  a\  which  may 
be  regarded  as  a  specially  modified  salivary  gland,  and  is  situ- 
ated below  and  behind  the  eye.  This  gland  secretes  the  clear 
viscid  fluid  which  is  the  "  venom  "  of  the  poisonous  Snakes, 
and  it  is  covered  by  one  of  the  muscles  of  the  cheeks.  When 
the  animal  bites,  the  contraction  of  this  muscle  forces  some  of 
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the  poison  out  of  the  gland  into  the  duct  of  the  fang,  whence 
it  penetrates  the  wound  through  the  opening  in  the  tip  of  the 
latter. 

Behind  the  poison-fang  in  the  Solenoglypha  are  situated  one 


Fig.  378. — The  head  of  the  Rattlesnake,  dissected  to  show  the  potson-gland  (a)  and 
poison-fangs  (/).     (After  Duvcrnoy.) 

or  more  "reserve-fangs"  destined  to  take  the  place  of  the 
functional  fang  if  the  latter  should  be  broken  off;  but  the  max- 
illa carries  no  other  proper  teeth  except  the  fang.  The  pala- 
tine and  pterygoid  bones  are,  however,  provided  with  small 
hooked  teeth  (fig.  377). 

The  Solenoglypha  are  divided  into  the  two  families  of  the  Vip^rida  and 
Crotalidcs. 

(i.)  Viperidtr. — This  family  includes  the  true  Vipers,  which  are  destitute 
of  a  pit  between  the  eye  and  nose,  and  have  the  head  covered  with  small 
scales  (fig.  380,  C).  They  are  viviparous  (hence  the  name  **  Viper  "),  and 
the  young  Snake  is  furnished  with  a  temporary  praemaxillary  tooth,  for  the 
purpose  of  liberating  itself  from  the  egg.  The  Vipers  are  confined  to  the 
Old  World,  and  are  characteristic  of  the  Paljearctic  and  African  provinces. 
The  only  British  species  is  the  common  Viper  or  Adder  {Pelias  benis\ 
which  ranges  over  all  Europe  and  northern  Asia.  Several  Vipers  occur 
in  Africa,  well-known  species  being  the  Horned  Viper  {Cerastes  agypticicus) 
of  Egypt  and  the  Puff-adder  ( Clotho  arietaus)  of  South  Africa.  Two  mem- 
bers of  the  Viperida  occur  in  India,  of  which  one — the  "  Tic-Polonga  " 
or  "Daboia"  {Vipera  Russellii) — is  widely  distributed  and  very  deadly. 
No  member  of  the  family  is  found  in  either  North  or  South  America. 

(2.)  Crotalida. — This  family  includes  the  Rattlesnakes  {Crotaltis)  and  a 
number  of  allied  forms  which  are  often  called  "  Pit- vipers,"  as  the  hollow- 
ing out  of  the  maxilla  gives  rise  to  a  deep  pit  between  the  nose  and  the 
eye.  The  head  may  be  covered  with  small  scales  only,  or  scutes  may  be 
present  as  well.  The  type-genus  Crotalus  includes  the  true  RattlesnaJces, 
in  which  the  extremity  of  the  tail  is  furnished  with  a  "rattle,"  formed  of  a 
series  of  homy  epidermic  cells  of  an  undulated  pyramidal  shape,  articulated 
loosely  one  within  the  other.  Before  striking  its  prey,  the  Rattlesnake 
throws  itself  into  a  coil  and  shakes  its  rattle,  as  it  does  also  when  alarmed. 
The  species  of  Crotalus  are  exclusively  confined  to  the  New  World,  the 
common  North  American  species  being  C.  durissus,  while  Crotalus  horridus 
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is  found  in  South  America.  Other  well-known  types,  in  which,  however, 
there  is  no  "rattle,"  are  the  Copperhead  {Ancistrodon  coniortrtx)  and  the 
Water-mocassin  ( Toxicophis piscivorus)  of  North  America,  the  Bush-master 
{Lackfsis  mutus)  of  Surinam  and  Guiana,  and  the  various  species  of  Trime- 
resurus  in  India. 

Sub-order  2.  Proteroglypha  {Elapina),  —  The  Snakes 
included  in  this  sub-order  have  the  maxilla  short,  and  furnished 
with  poison-fangs,  which  are  grooved  in  front  and  are  not  cap- 
able of  erection.  Behind  the  grooved  fangs  are  one  or  more 
soHd  conical  teeth.  The  head  is  covered  with  large  shields. 
Two  famihes  are  included  in  this  section. 

(i.)  Eiapida, — The  Snakes  of  this  family  are  terrestrial  in  their  habits, 
and  have  a  shield-shaped  head  not  much  wider  than  the  body  (fig.  380,  A). 


Fig'  379* — The  "  Spectacled  Snake  "  (A'aja  haje)  of  Egypt. 

They  are  found  in  the  tropics  in  both  the  Old  and  New  Worlds,  and  are 
especially  abundant  in  Australia.  The  family  includes  some  of  the  most 
deadly  of  all  Snakes,  one  of  the  best  known  being  the  ** Cobra"  or 
** Spectacled  Snake"  {Naja  tripudians)  of  India.  A  closely  allied  species 
is  the  Naja  haje  (fig.  379)  of  Egypt.  In  the  genus  Naja  the  neck  is  dilat- 
able into  a  hood,  the  anterior  rib^  being  elongated  and  capable  of  elevation 
and  depression.  The  genus  Bungarus^  including  the  deadly  **Kerait" 
(i9.  caruieus)  of  India,  is  nearly  allied  to  Naja,  but  the  neck  is  not  dilatable. 
Another  well-known  form  is  the  great  "  Hamadryad  "  {Ophiophagits  elaps) 
of  India  and  the  Indian  Archipelago,  which  grows  to  over  ten  feet  in 
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length,  and  is  arboreal  in  its  habits.  The  family  is  represented  in  North 
and  South  America  by  the  beautifully-marked  Coral-snakes  and  Harlequin 
Snakes  (Elaps).  Lastly,  many  genera  occur  in  Australia  {AcanthopkU^ 
Hoplocephalus,  &c.) 

(2.)  Hydrophida. — The  "Sea-snakes"  have  small  poison-fangs,  with 
open  grooves.  The  tail  is  vertically  flattened  and  compressed,  being  thus 
adapted  for  swimming,  and  the  nostrils  are  placed  on  the  top  of  the  head. 
The  Hydrophida  are  essentially  aquatic,  living  in  the  sea  in  droves,  and 
feeding  on  fishes.  They  are  viviparous,  and  are  all  very  poisonous.  They 
are  found  in  the  Pacific,  Indian,  and  Australian  Oceans. 

Sub-order  3.  Opisthoglypha. — In  this  sub-order  the  max- 
illae are  long,  and  have  several  long  grooved  fangs  behind,  with 
smaller  solid  teeth  in  front.  The  head  is  covered  with  large 
shields.  It  is  uncertain  whether  or  not  they  are  poisonous. 
The  best-known  family  of  these  "  suspected "  Snakes  is  that 
of  the  Whip-snakes  {Dryophidce),  which  inhabit  trees,  and  are 
found  in  the  tropics  generally,  as  also  are  the  allied  forms  in- 
cluded in  the  Dipsadida  (Nocturnal  Tree-snakes). 


Fig.  180.— Ophidia.  A,  Head  of  an  Eiapine  Snake  {Bungarus  /€uctatus\  viewed  from 
above;  B,  Head  of  a  Colubrine  Snake  {Tropidonotus  natnx)  ;  C,  Head  of  a 
Viperine  Snake  {^ipera  Kussellii).  (A  and  C  are  afier  Sir  Joseph  Fayrer ;  B  is 
after  BelL) 

Sub-order  4.  Aglyphodonta. — The  members  of  this  sub- 
order are  all  non -poisonous,  and  are  characterised  by  the 
possession  of  long  maxillae  which  carry  no  grooved  fangs,  but 
have  numerous  solid  conical  teeth  (fig.  375).  The  head  is 
covered  with  large  shields.  The  principal  families  in  this 
section  are  the  Colubrida  and  the  Ferepada. 
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(i.)  Colubrida, — This  family  comprises  between  two  and  three  hundred 
species  of  non- venomous  Snakes,  which  have  a  universal  distribution. 
The  head  is  in  all  covered  with  large  shields  (fig.  380,  B),  and  is  only 
slightly  \vnder  than  the  neck.  Well-known  British  examples  are  the 
Ringed  Snake  {Tropidtmotus  natrix)  and  the  Smooth  Snake  {Coronella 
Itevis).  A  common  North  American  species  is  the  Black  Snake  {Bascan- 
ion  constrictor). 

(2.)  Peropoda, — In  this  are  included  the  two  principal  sub-families  of 
the  Pythons  (Pythonida)  and  Boas  {Boida:)y  known  usually  as  Boa-con- 
strictors, Pythons,  Anacondas,  and  Rock-snakes.  The  Boas  and  Pythons 
are  of  gigantic  size,  and  possess  prehensile  tails,  the  hind-limbs  being 
present  in  a  rudimentary  condition,  m  the  form  of  homy  spurs  placed  near 
the  anus.  They  are  called  **  Constricting  Serpents,"  because  sifter  seizing 
their  prey  they  coil  themselves  round  it  in  numerous  folds,  by  tightening 
which  they  gradually  reduce  their  victim  to  a  shapeless  bolus,  fit  to  be 
swallowed.  The  true  Boas  {Boa)  and  the  Anacondas  {Eumctes)  are  con- 
fined to  tropical  America.  The  Pythons  differ  from  the  Boas  in  having 
pnemaxillary  teeth,  and  are  natives  of  the  Old  World,  all  being  confined  to 
the  tropics. 

Sub-order  5.  Angiostomata. — This  sub-order  comprises 
certain  small  Snakes  with  the  aberrant  characters  that  the 
mouth  is  narrow  and  not  dilatable,  the  quadrate  bone  being 
fixed  to  the  skull,  as  also  is  the  squamosal  (when  present).  A 
rudimentary  pelvis  may  be  present  Three  families — repre- 
sented by  the  genera  Tortrix^  Typhlops^  and  Uropeltis^  and 
other  forms — belong  here.  They  are  mostly  inhabitants  of 
tropical  countries  in  both  the  Eastern  and  Western  hemis- 
phere, and  commonly  burrow  in  the  ground,  being  not  unlike 
Earth-worms  in  appearance.  The  eyes  are  covered  by  the  skin, 
and  in  some  cases  ( Typhlops)  teeth  are  wanting  in  either  the 
upper  or  the  lower  jaw. 


CHAPTER   LVII. 

LACERTILIA  AND  CROCODILIA. 

Order  III.  Lacertilia. — The  third  order  of  Reptiles  is  that 
of  the  Lacertilia^  comprising  all  those  animals  which  are  com- 
monly known  as  Lizards,  together  with  some  serpentiform 
animals,  such  as  the  Blind-worms.  The  Lacertilia  are  distin- 
guished by  the  following  characters : — 

As  a  general  rule,  there  are  two  pairs  of  well-developed  limbs ^ 
but  there  may  be  only  one  pair^  or  all  the  limbs  may  be  absent, 
A  pectoral  arch  is  always  present,  whatever  the  condition  of  the 
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limbs  may  be.  An  exoskeldon,  in  the  form  of  homy  scales  like 
those  of  the  Snakes'^is  almost  always  present.  Tftevertebrce  of 
the  dorsal  region  are  proccelous  or  concave  in  fronts  rarely  amphi- 
coelous  or  concave  at  both  ends.  The  teeth  are  not  lodged  in  dis'\ 
tinct  sockets  {some  extinct  forms  constituting  an  exception  to  this  ] 
statement).  The  heart  consists  of  two  auricles  and  a  ventricle^ 
the  latter  partially  divided  by  an  incomplete  partition.  There  is 
a  urinary  bladder,  and  the  aperture  of  the  cloaca  is  .transverse. 


Fig.  381. — The  Common  Skink  {Scittcus  officinalis). 

The  skin  of  the  Lacertilians  is  occasionally  naked  {Am- 
phisbcena  and  Chamceleo),  but  there  is  generally  an  exoskeleton 
in  the  form  of  homy  overlapping  scales,  sometimes  underlaid 
by  bony  plates. 

The  vertebral  column  is  usually  composed  of  many  vertebrae, 
and  there  is  generally  a  long  caudal  region.  The  centra  of 
the  vertebrae  are  mostly  procoelous,  but  are  amphicoelous  in 
the  living  Geckos  and  Sphenodon,  and  in  some  extinct  types. 
The  transverse  processes  of  the  vertebrae  are  short,  and  those 
forms  which  possess  hind-limbs  have  also  a  sacrum,  usually  of 
two  vertebrae.  The  ribs  are  furnished  with  undivided  heads, 
and  a  sternum  is  developed  in  all  except  the  Amphisbcmce. 

In  the  skull,  the  quadrate  bone  is  in  general  more  or  less 
movable ;  but  the  rami  of  the  mandible  are  firmly  united  in 
front,  and  the  Lizards  have  the  gape  far  more  restricted  than 
is  the  case  with  the  Ophidians.  Generally  the  parietal  bone 
on  each  side  is  connected  with  the  pterygoid  by  a  bony  rod, 
known  as  the  "columella." 
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Teeth  are  present  in  all  living  Lizards,  but  are  only  im- 
planted in  sockets  in  some  extinct  types.  In  recent  forms  the 
teeth  are  anchylosed  with  the  bones  from  which  they  spring, 
being  either  fixed  by  their  sides  to  the  inner  wall  of  the  alve- 
olar border  of  the  jaw  (**  pleurodont "  dentition),  as  in  the 
Iguanas  {^g.  382),  or  being  attached  by  their  bases  to  the 


Fig.  383. — Inner  view  of  the  mandibular  ramus  of  Iguana,  showing  the  "  pleurodont  *' 

dentition. 

summit  of  this  border  ("  acrodont "  dentition).  In  the  extinct 
Proterosauria  the  teeth  are  in  distinct  sockets  ("thecodont" 
dentition).  The  teeth  are  always  simple,  but  vary  much  in 
form,  being  sometimes  sharp  and  conical  (Monitor),  sometimes 
blade-like  with  serrated  edges  (Iguana),  sometimes  with  rounded 
crushing  crowns  ( Cyciodus),  The  teeth  may  be  carried  upon 
the  praemaxillae,  maxillae,  mandible,  and  pterygoid  bones,  but 
mostly  not  upon  the  palatine  bones. 

The  condition  of  the  limbs  is  extremely  variable.  Most  of 
the  Lacertilians  possess  both  pairs  of  limbs,  and  would  there- 
fore come  under  the  popular  designation  of  **  Lizards."  In 
some  (Chirotes)  there  are  no  hind-limbs;  in  Bipes  only  the 
hind-limbs  are  present,  and  these  are  rudimentary  \  while  in 
others  {AnguiSy  Amphisbanay  &c.)  limbs  are  wholly  wanting, 
and  the  animal  becomes  completely  serpentiform  in  appearance. 
In  all  cases,  however,  whatever  the  condition  of  the  limbs  may 
be,  there  exist  below  the  surface  the  pectoral  and  pelvic  arches, 
though  the  development  of  these  may  be  very  imperfect. 

The  tongue  of  Lizards  exhibits  three  principal  modifications 
in  its  structure.  In  one  division,  including  the  majority  of 
Lacertilians,  the  tongue  is  like  that  of  Serpents  in  being  long, 
protrusible,  and  forked  {Fissiltnguia  or  Leptoglossa).  In  a 
second  group  (Crassilinguia  or  Pachyglossa\  including  the 
Geckos  and  Iguanas,  the  tongue  is  thick,  fleshy,  and  not  pro- 
trusible. In  the  so-called  Brevilinguia  the  tongue  is  short, 
hardly  protrusible,  and  often  indented  in  front.  Lastly,  in  a 
fourth  group  {Vermilinguia)  are  placed  the  Chamaeleons,  in 
which  the  tongue  is  long  and  worm-like,  with  a  clubbed  ex- 
tremity, and  capable  of  free  protrusion.  Salivary  glapds  are 
wanting  in  the  Lizards,  as  are  poison-glands.    The  only  excep- 
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tion  to  this  statement  is  afforded  by  the  Hdoderma  suspectum 
of  Arizona  and  Mexico,  which  is  capable  of  inflicting  a  poison- 
ous bite  by  means  of  poison-glands  which  are  situated  within 
the  angle  of  the  lower  jaw,  and  are  connected  with  grooved 
deciduous  teeth. 

Lastly,  the  Lizards  differ  from  the  Snakes  in  generally  pos- 
sessing movable  eyelids.  In  the  Chamseleons,  however,  the 
eyelids  become  united  and  are  pierced  by  a  central  aperture, 
while  in  Amphisbana  and  Gecko  eyelids  are  wanting. 

About  a  thousand  species  of  living  Lacertilians  are  known, 
with  a  very  wide  distribution,  but  being  most  abundant  in 
warm  regions.  The  majority  of  Lizards  are  carnivorous,  living 
upon  insects  and  other  small  Invertebrates,  but  some  forms 
are  largely  or  exclusively  vegetable-feeders. 

As  regards  ihtix  distribution  in  time^  the  earliest  known  remains 
of  Lacertilians  occur  in  the  Permian  rocks,  where  the  aberrant 
genus  Proterosaurtis  is  found.  In  the  Trias  various  Lacertilian 
types  appear  {Tderpetony  Hyperodapedon^  &c.).  In  the  succeed- 
ing period  of  the  Jurassic  occur  the  remains  of  small  Lizards 
{Nuthetes,  Saurtllus,  &c.),  which  seem  to  differ  little  from  the 
typical  LacertidcB,  Peculiar  to  the  Cretaceous  series  is  the 
remarkable  extinct  group  of  the  "  Mosasauroids,"  which  will 
be  briefly  spoken  of  hereafter.  Lastly,  the  Tertiary  rocks  have 
yielded  the  remains  of  numerous  Lizards,  but  these  present  no 
features  demanding  special  notice  here. 

The  Lacertilia  may  be  briefly  considered  under  the  following 
sub-orders : — 

Sub-order  I.  Brevilinguia. — The  Lizards  included  in  this 
section  have  a  short  fleshy  tongue,  which  is  generally  indented 
at  its  free  end,  but  is  only  slightly  or  not  at  all  protrusible. 
The  three  families  of  the  Amphisbcenidee^  Chalcidida,  and  Scin- 
cida  are  placed  here. 

In  the  Amphisbanida  the  body  is  seTpentiform,  and  there  are  either  no 
limbs  at  all,  or  short  fore-limbs  are  present  {Chirotes),  There  are  no 
scales,  but  the  skin  is  marked  by  close-set,  transverse  and  longitudinal 
furrows,  which  give  it  a  tesselated  appearance.  The  eyes  are  minute,  and 
are  covered  by  the  skin.  The  body  in  Atnphisbana  is  worm-like,  with  a 
short  tail,  and  having  the  vent  placed  very  far  back.  The  species  of 
this  genus  inhabit  the  countries  round  the  Mediterranean  and  South 
America.     Chirotes  is  Mexican. 

In  the  family  of  the  Chalcidida  (or  Zonurida),  the  body  is  generally 
more  or  less  snake-like,  but  the  condition  of  the  limbs  varies.  The 
scales  are  mostly  rectangular,  arranged  in  transverse  bands,  and  not  over- 
lapping. Often  there  is  a  longitudinal  fold  of  skin  on  each  side  of  the 
bodv.  Some  genera  {ChaUideSf  Zanurus^  &c.)  have  both  pairs  of  limbs. 
In  the  Scheltopusiks  (Pseudopus)  of  eastern  Europe  and  Asia,  rudimentary 
hind-limbs  are  present,  but  there  are  no  fore-limbs.     Lastly,  in  the  Glass- 
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snakes  (Ophisaurus),  of  the  Southern  United  States,  limbs  are  altogether 
wanting. 

More  important  than  any  of  the  preceding  is  the  large  and  widely  dis- 
tributed family  of  the  Scincida,  comprising  a  number  of  small  Lacertilians, 
some  of  which  are  completely  snake-like,  whilst  others  possess  a  single 
pair  of  limbs,  and  others  again  have  the  normal  two  pairs  of  limbs  in  a 
well-developed  condition.  All  possess  movable  eyelids,  and  in  all  the 
conformation  of  the  lower  jaw  is  Lacertilian,  and  not  Ophidian.  All  the 
Scincoidean  Lizards  have  the  body  covered  by  similar  scales  overlapping 
one  another  like  the  scales  of  fishes,  whilst  the  head  is  protected  by  larger 
symmetrical  plates.     The  tongue  is  free,  fleshy,  and  slightly  notched. 


Fig.  383. — The  Blind-worm  {Angtu's/ragitisy—sSter  Bell. 

Of  the  snake-like  forms  of  this  group,  none  is  more  familiarly  known 
than  the  Blind-worm  or  Slow-worm  {Anguis  fragilisy  fig.  383),  which  is 
found  over  almost  the  whole  of  Europe,  in  western  Asia,  and  northern 
Africa,  and  which  is  one  of  the  most  abundant  of  the  British  Reptiles. 
The  Blind-worm  possesses  no  external  appearance  of  limbs,  though  the 
scapular  and  pelvic  arches  are  present  in  a  rudimentary  condition.  Its 
appearance  is  completely  serpentiform,  and  it  is  vulgarly  regarded  as  a 
dangerous  and  venomous  animal,  but  quite  erroneously,  as  it  is  even  un 
able  to  pierce  the  human  skin.  It  is  a  perfectly  harmless  animal,  living 
upon  worms,  insects,  and  snails,  and  hibernating  during  the  winter.  It 
derives  its  specific  name  oi  fragilis  from  the  fact  that  when  alarmed  it 
stiffens  its  muscles  to  such  an  extent  that  the  tail  can  be  readily  broken  off, 
as  if  it  were  brittle. 

Numerous  other  small  Lizards  are  referable  to  the  Sctncida,  but  it  is 
only  necessary  to  mention  the  Skinks  themselves  {Scincus)^  in  which  both 
pairs  of  limbs  are  present  in  a  well-developed  state.  The  Skinks  are  found 
in  almost  all  the  warmer  parts  of  the  Old  World,  and  closely-allied  forms 
(such  as  the  West  Indian  "  Galliwasp ")  are  found  in  the  New  World. 
The  common  Skink  (fig.  381)  is  a  native  of  Arabia  and  Africa.     It  attains 
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a  length  of  eight  or  nine  inches,  and  was  formerly  used  in  various  diseases 
as  a  remedy. 

Sub  -  ORDER  IL  Fissilinguia.  —  This  section  comprises 
the  families  of  the  Lacertida^  Ameivida^  and  Varanida,  in  all 
of  which  the  tongue  is  long,  slender,  forked,  and  freely 
protrusible. 

In  the  family  of  the  Lacertida  are  included  the  most  typical  of  the 
Lizards,  all  of  which  have  a  long  tail,  with  four  well-developed  limbs, 
each  terminated  by  free  toes  of  unequal  lengths.  The  head  is  covered 
with  shields,  as  is  the  abdomen,  those  of  the  latter  region  being  rhomboidal, 
and  arranged  in  transverse  rows.  The  Lacertida  are  mostly  confined  to 
the  Palsearctic  region,  and  are  not  represented  in  America.  British  species 
are  the  Sand-lizard  {Lacerta  cigilis)  and  the  Viviparous  Lizard  {Zootoca 
vivipara).  The  Green  Lizard  {Lacerta  viridis)  of  the  continent  of  Europe 
likewise  occurs  in  Jersey. 

Very  similar  in  most  respects  to  the  preceding,  and  representing  these 
in  the  New  World,  is  the  family  of  the  Ameivida  or  **  Teguexins."  Forms 
belonging  to  this  family  range  from  Patagonia  to  the  United  States,  some 
of  them  attaining  a  length  of  three  or  four  feet. 

Very  closely  allied  to  the  true  Lizards  are  the  Varanida  or  Monitors, 
which  are  indeed  chiefly  separated  by  the  comparatively  trivial  fact  that 
the  abdomen  and  head  are  covered  with  small  non-imbricating  scales,  and 
not  with  large  ''scuta."  The  dentition  is  pleurodont.  The  tail  has  a 
double  row  of  carinated  scales,  and  is  cylindrical  in  the  terrestrial  forms, 
and  compressed  in  those  whose  habits  are  aquatic.  The  Monitors  are 
exclusively  found  in  the  Old  World  (Asia,  Africa,  and  Australia),  and  are 
the  largest  of  all  the  recent  Lacertilia  ;  the  Varanus  Niloticus  of  Egypt 
attaining  a  length  of  six  feet,  and  the  Hydrosaurus  salvator  of  the  Ea^t 
Indian  Archipelago  attaining  to  as  much  as  eight  feet. 

Sub  -  ORDER  III.  Proterosauria.  —  This  sub-order  in- 
cludes only  the  extinct  genus  Froterosaurus,  which  is  the 
oldest  type  of  the  Lacertilians  at  present  known,  its  remains 
occurring  in  rocks  of  Permian  age.  The  special  peculiarity  of 
this  genus,  by  which  it  is  distinguished  from  all  existing  types, 
is  that  the  teeth  are  implanted  in  distinct  sockets.  The  ver- 
tebrae are  slightly  cupped  at  both  ends,  and  the  neural  spines 
are  bifid.  The  species  of  Froterosaurus  attained  a  length  of 
four  feet  or  more. 

Sub-order  IV.  Mosasauria. — The  singular  reptiles  which 
are  included  in  this  section  are  all  extinct,  and  are  confined  to 
the  Cretaceous  period,  some  forms  attaining  a  gigantic  size.  The 
teeth  in  this  group  are  conical  and  curved,  and  are  anchylosed 
with  the  jaw,  instead  of  being  implanted  in  distinct  sockets. 
Both  the  fore  and  hind  limbs  are  present,  and  have  the  form 
of  swimming-paddles  (fig.  384),  being  much  shortened,  and 
having  the  digits  distinct,  though  doubtless  enclosed  in  the 
integument.  In  some  forms  the  skin  seems  to  have  been 
provided  with  bony  scutes.     The  type-genus  is  Mosasaurus, 
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Sub-order  V.  Crassilinguia. — This  sub-order  comprises 
the  three  families  of  the  Geckos  {GeckotidcB\  the   Iguanas 
(Iguanida)^  and  the  Agamida,  characterised   by  their  thick, 
fleshy,   non  -  protrusible   tongue, 
the  point  of  which  is  rounded, 
or  but  slightly  indented. 

The  Geckotida  {Ascalabota)  form  a 
large  family  of  Lizards,  comprising  a 
great  number  of  species,  occurring  in 
almost  all  parts  of  the  world  between 
and  near  tne  tropics.  The  tongue  is 
wide,  flat,  scarcely  notched  at  its  free 
extremity,  and  hardly  at  all  protru- 
sible. The  eyes  are  large,  without 
proper  eyelids,  the  pupil  mostly  verti- 
cal and  linear,  but  sometimes  circular. 
The  vertebrae  are  amphicoelous.  The 
teeth  are  numerous,  small,  compressed, 
and  implanted  on  the  inner  edge  of 
the  jaw.  The  nails  (when  present) 
are  mostly  hooked  and  retractile,  and 
the  toes  are  furnished  below  with  im- 
bricated plates  or  with  adhesive  discs 
(fig.  385).  The  animal  is  generally 
capable  of  running  on  the  smoothest 
surfaces,  or  of  suspending  itself  back 
downwards.  They  feed  on  insects,  and 
are  found  in  abundance  in  the  warmer 
parts  of  both  the  Old  and  New  Worlds. 

The  IgiMLnidcR  constitute  another 
large  family  of  Lizards,  belonging  (if 
the  Agamida'he  excluded)  almost  en- 
tirely to  the  New  World.  The  tongue 
is  thick,  fleshy,  notched  at  its  extrem- 
ity only,   and   not   protrusible.      The 

dentition  is  of  the  '*  pleurodont"  type.  Mostly  there  is  a  dorsal  crest,  and 
a  goitre  or  throat-pouch.  The  body  is  covered  with  imbricated  scales. 
They  are  often  divided  into  "Ground-iguanas,"  in  which  the  body  is  flat 
and  depressed,  and  ** Tree-iguanas,"  in  which  the  body  is  compressed. 
The  members  of  the  genus  Iguana  itself  are  confined  to  South  America 
and  the  West  Indies,  and  are  distinguished  by  having  the  throat  furnished 
vrith  a  pendulous  dewlap  or  fold  of  skin,  the  edge  of  which  is  toothed. 
The  back  and  tail,  too,  are  furnished  with  an  erect  crest  of  pointed  scales. 
The  common  Iguana  (/.  tuberculata)  attains  a  length  of  from  four  to  five 
feet,  and  though  not  of  a  very  inviting  appearance,  is  highly  esteemed  as 
food.  The  Basilisks  {Basiliscus)  have  the  top  of  the  head  furnished  with 
a  membranous  sac,  which  can  be  distended  with  air  at  wilL 

The  family  of  the  Agamida  is  closely  allied  to  that  of  the  Iguanida  pro- 
per, and  represents  it  in  the  Old  World.  The  body  is  covered  with  imbri- 
cated, generally  rhombic,  scales ;  the  tongue  is  thick  and  non-protrusible  ; 
the  eyes  have  eyelids ;  and  the  teeth  are  implanted  on  the  edge  of  the 
bones  of  the  jaws  (**  acrodont  "  dentition). 

The  Lizards  of  this  group  are  distributed  over  nearly  the  whole  of  the 
Old  World  (principally  Asia,  Africa,  and  Australia),  and  are  either  arboreal 


Fig.  384. — Right  anterior  paddle  of  Les- 
tcsaums^  st'mus,  one  -  twelfth  of  the 
natural  size.  (Afler  Marsh.)  a  Scap- 
ula :  d  Coracoid  ;  c  Humerus ;  d  Ra- 
dius ;  £  Ulna. 
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or  terrestrial  in  habit.  Good  examples  are  the  Stellio  vulgaris  of  the 
Levant,  the  Agama  muricaia  of  Australia,  and  the  hideous  Moloch  horridus 
of  the  same  country.  Here  also  belongs  the  curious  little  Frill  Lizard 
iChlamydosaurus)  of  Australia,  which  has  the  neck  furnished  on  each  side 


Fig'  385.— Head  oi  Gecko  stentor,    (After  GQnther.) 


with  a  membranous  plaited  frill,  which  can  be  erected  at  will.  More  remark- 
able than  the  above  are  the  little  Flying  Dragons  (Draco)  of  the  East  Indies 
and  Indian  Archipelago.  In  these  singular  little  Lizards  there  is  a  broad 
membranous  expansion  on  each  side,  formed  by  a  fold  of  the  integument, 
supported  upon  the  five  or  six  posterior  or  false  ribs,  which  run  straight 
out  from  the  spinal  column  (fig,  386).     By  means  of  these  lateral  expan- 


Fig.  386. — The  "  Flying  Dragon  "  {Draco  volitans\  viewed  from  above, 
of  the  natural  size. 

sions  of  the  skin,  the  Draco  can  take  long  flying  leaps  from  tree  to  tree, 
and  can  pursue  the  insects  on  which  it  feeds ;  but  the  lateral  membranes 
simply  act  as  parachutes,  and  there  is  no  power  of  true  flight,  properly  so 
called. 
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Sub-order  VI.  Vermilinguia. — This  sub-order  comprises 
the  single  family  of  the  Chamaieontida^  with  the  single  genus 
ChamaUoy  and  is  characterised  by  the  possession  of  a  long 
vermiform  tongue,  which  is  club-shaped  in  front,  and  can  be 
protruded  to  a  great  length.  The  eye  is  covered  (fig.  387)  by 
a  single  circular  lid,  perforated  centrally  by  a  small  pupil. 


Fig-  387.— Head  of  a  Chamasleon  (C.  Petersit).    (After  Gray.) 

The  tail  in  the  Chamxleons  is  round  and  prehensile,  the  body  com- 
pressed, and  the  skin  like  shagreen.  The  toes  are  adapted  for  an  arboreal 
life  and  scansorial  habits,  being  so  arranged  as  to  form  two  equal  and 
opposable  sets.  Mobile  pigment-cells  ("chromatophores")  are  present 
in  the  integument,  and  the  Chamaeleons  have  thus  a  remarkable  power  of 
changing  their  tints,  either  at  will  or  under  the  influence  of  changes  of 
emotion  or  of  health.  The  species  of  Chantaleo  are  exclusively  confined 
to  the  Old  World,  and  are  mostly  African.  The  common  Chamaeleon 
(C  vulgaris)  lives  among  trees,  and  is  very  slow  in  its  movements ;  but 
it  catches  its  food,  consisting  of  insects,  by  darting  out  its  long  and  glutin- 
ous tongue— an  operation  which  it  effects  with  extraordinary  rapidity. 

Sub-order  VII.  Rhynchocephalia. — This  sub-order  in- 
cludes only  the  single  genus  Sphenodon  {Ifatteria\  and  is 
characterised  by  the  fact  that  the  quadrate  bone  is  immovably 
united  with  the  skull,  the  vertebrae  are  amphicoelous,  and 
some  of  the  ribs  bear  "uncinate  processes"  similar  to  those 
of  Birds.  Unlike  all  other  Lizards,  Sphenodon  is  devoid  of 
copulatory  organs.  The  only  known  species  of  the  genus  is 
the  singular  "Tuatara"  (6".  punctatus)  of  New  Zealand,  the 
dentition  of  which  is  exceedingly  remarkable.  The  teeth  are 
completely  amalgamated  by  anchylosis  with  the  jaws,  and  are 
developed  in  the  mandible,  praemaxillae,  and  maxillae,  and  in 
a  longitudinal  series  upon  the  palatine  bones.  The  praemaxil- 
lary  teeth  are  two  in  number,  and  are  of  large  size  and  scalpri- 
form  in  shape.  The  serrated  edge  of  the  mandible  is  received 
in  the  groove  between  the  palatine  teeth  and  the  cutting  edges 
of  the  maxillae,  the  alveolar  borders  of  which  are  hard  and  as 
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highly  polished  as  the  teeth  themselves,  the  function  of  which 
they  discharge  when  the  latter  are  ground  down  in  advanced 
age.     In  certain  of  its  characters  the  genus  Sphenodon,  as 


Fig.  388  .—Side  view  of  the  skull  oi  Sphenodan  i^Hatteria)  pnnctatus^  the  lower  jaw 
being  removed.    (After  Gflnther.) 

pointed  out  by  Huxley,  shows  relationships  to  the  Triassic 
genera  Hyperodapedon  and  Rhynchosaurus^  and  there  are 
grounds  for  believing  that  the  Rhynchocephalia  should  be 
placed  in  the  neighbourhood  of  the  extinct  order  of  the 
Anomodont  Reptiles. 

Crocodilia. 

Order  IV.  Crocodilia. — This  order  includes  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  is  distinguished  by 
the  following  peculiarities :  The  exoskeUton  consists  of  homy 
epidermic  scales,  conjoined  on  the  dorsal  and  sometimes  also  on 
the  ventral  surface,  with  bony  dermal  scutes.  The  vertebra  (in 
living  forms)  are  proccelous,  with  large  transverse  processes.  The 
bones  of  the  skull  and  face  are  firmly  united  together,  the  quad- 
rate is  immovably  connected  with  the  skull,  and  the  two  rami  of 
the  mandible  are  joined  in  front  by  suture.  There  is  a  single 
ro7V  of  teeth  in  the  jaws,  implanted  in  distinct  sockets.  Both 
pairs  of  limbs  and  their  arches  are  present,  the  pectoral  arch  is 
without  a  clavicle,  and  a  sternum  is  present.  The  septum  between 
the  ventricles  is  complete,  but  the  right  and  left  ctortce  are  connected 
just  above  their  origin  by  the  ^^ foramen  Fanizzce.''  There  is  no 
urinary  bladder,  a  fid  the  aperture  of  the  cloaca  is  longitudinal. 

The  exoskeleton  of  the  Crocodilia  consists  of  homy  epidermic 
scales,  beneath  which,  in  certain  regions,  bony  dermal  scutes 
are  developed.  In  some  cases  the  dermal  exoskeleton  is  only 
developed  dorsally,  but  in  Caiman  it  is  composed  of  transverse 
rows  of  quadrate  bony  plates,  disposed  so  as  to  form  a  dorsal 
and  ventral  shield,  which  are  separated  by  soft  skin  in  the 
region  of  the  trunk,  but  become  confluent  in  the  tail.    All  the 
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scutes  of  one  row  are  united  by  suture,  and  successive  rows 
movably  overlap  one  another.  On  the  back  of  the  neck  the 
scutes  are  often  disposed  in  groups  of  different  form  and 
number  in  different  species. 

The  endoskeleton  is  well  ossified,  and  the  centra  of  the  verte- 
brae in  all  living  forms  are  procoelous.  Some  of  the  extinct 
Crocodiles,  however,  possessed  amphicoelous  vertebrae,  and  in 
others  the  vertebrus  were  opisthocoelous.  The  neural  arches 
are  united  to  the  centra  by  suture,  and  there  is  a  sacrum  of 


Fig.  389. — A,  Head  and  anterior  portion  of  the  body  of  Crocodilus  pondicerianus ; 
B,  Hind-foot  of  the  same.     (After  Gunther.) 

two  vertebrae.  The  cervical  vertebrae  carry  small  ribs  (hence 
the  difficulty  experienced  by  the  Crocodiles  in  turning  quickly), 
and  the  vertebral  ends  of  the  anterior  trunk-ribs  are  bifurcate. 
The  ribs  unite  by  intermediate  bony  pieces  ("sternal  ribs") 
with  a  rhomboidal  and  cartilaginous  sternum,  which  sends 
backwards  a  pair  of  "  xiphoid  "  processes.  False  abdominal 
ribs,  produced  by  the  ossification  of  the  tendinous  intersections 
of  the  recfi  muscles,  are  also  present. 

The  general  form  of  the  sku//  is  like  that  of  the  Lizards,  the 
bones  being  firmly  joined  to  one  another  by  sutures,  and  hav- 
ing their  surface  pitted.  The  quadrate  bone  is  fixed  immov- 
ably to  the  skull.  The  posterior  nares  open  far  back  into  the 
throat,  thus  permitting  the  animal  to  breathe  while  the  mouth 
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may  be  filled  with  water,  and  being  correlated  with  the  habit 
of  the  Crocodiles  of  killing  their  prey  by  drowning.  Teeth 
are  present  in  a  single  row  in  the  prsemaxillse,  maxillse,  and 
mandible,  but  are  not  developed  on  the  palatine  or  pterygoid 
bones.  The  teeth  are  conical,  and  are  sunk  in  sockets,  being 
hollowed  out  at  their  bases  for  the  germs  of  the  new  teeth,  by 
which  they  are  successively  pushed  out  and  replaced  during 
the  life  of  the  animal. 

Both  pairs  of  limbs  are  present — the  anterior  ones  being 
pentadactylous,  and  the  posterior  tetradactylous.  The  digits  of 
the  hind-feet  are  more  or  less  completely  webbed.  The  pec- 
toral arch  consists  of  a  scapula  and  coracoid,  and  though  there 
are  no  clavicles,  a  median  "  interclavicle  "  is  present 

The  tongue  is  thick  and  fleshy,  and  immovably  attached  to 
the  floor  of  the  mouth  (hence  the  belief  of  the  ancients  that 
the  Crocodile  had  no  tongue).  Salivary  glands  are  wanting, 
but  there  open  into  the  mouth  two  glands  which  produce  a 
musky  secretion.  Glands  secreting  a  similar  musky  substance 
are  also  situated  close  to  the  termination  of  the  intestine.  A 
muscular  diaphragm  separates  the  thorax  and  abdomen,  and 
the  peritoneal  cavity  communicates  with  the  exterior  by  "peri- 
toneal canals.*' 

The  eye  has  two  eyelids  and  a  "membrana  nictitans,*'  or 
third  eyelid,  and  the  external  nostrils  and  openings  of  the  ears 
are  closed  by  valvular  folds  of  the  skin. 

The  heart  differs  from  tliat  of  other  Reptiles  in  the  fact  that 
it  is  completely  four-chambered,  the  septum  between  the  ven- 
tricles being  complete.  The  right  and  left  sides  of  the  heart 
are,  however,  placed  in  communication  by  means  of  an  aper- 
ture ("  foramen  Panizzae  "),  connecting  together  the  right  (arte- 
rial) and  the  left  (venous)  aorta  just  above  their  point  of  origin 
from  the  left  and  right  ventricles  respectively. 

The  Crocodilians  are  inhabitants  of  fresh  waters  in  tropical 
and  subtropical  regions,  and  are  found  in  both  the  Old  and 
New  Worlds.  Though  essentially  aquatic  in  their  habits,  they 
also  not  uncommonly  come  to  land.  They  live  upon  fishes, 
or  upon  terrestrial  animals  which  they  kill  by  drowning. 

As  regards  their  distribution  in  time^  the  most  ancient  types 
of  Crocodilians  belong  to  the  sub-order  Amphicalia^  in  which 
the  vertebral  bodies  were  biconcave.  These  begin  in  the  Trias 
and  range  to  tlie  Chalk,  being  thus  exclusively  Mesozoic.  They 
were  marine  in  their  habits,  and  well-known  genera  are  Teleo- 
saurusy  Steneosaurus^  StagonoiepiSy  and  Bdodon.  Opisthocoelian 
vertebrae  which  have  been  referred  to  Crocodiles,  for  which  the 
special  sub-order  Opisthoccslia  has  been  formed,  also  occur  in 
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the  Mesozoic  rocks ;  but  it  is  questionable  if  these  are  really  Cro- 
codilian, Lastly,  true  procoelian  Crocodiles  occur  for  the  first 
time  in  the  Greensand  (Cretaceous  series)  of  North  America. 
In  Europe,  however,  the  earliest  remains  of  procoelian  Croco- 
diles are  from  the  Lower  Tertiary  rocks  (Eocene).  It  is  a 
curious  fact  that  in  the  Eocene  rocks  of  the  south-west  of  Eng- 
land, there  occur  fbssil  remains  of  all  the  three  living  types  of 
the  Crocodilia — namely,  the  Gavials,  true  Crocodiles,  and  Alli- 
gators ;  though  at  the  present  day  these  forms  are  all  geogra- 
phically restricted  in  their  range,  and  are  very  partially  associated 
together. 

The  existing  Crocodilia  may  be  divided  into  the  following 
three  groups : — 

(i.)  Crocodilida, — Thb  family  includes  the  true  Crocodiles  {Cro€odUus\ 
distinguished  by  the  fact  that  the  fourth  tooth  in  the  mandible  ('* canine") 
is  longer  than  the  others,  and  is  received  into  a  notch  in  the  alveolar  border 
of  the  upper  jaw,  so  that  it  is  visible  externally  when  the  mouth  is  closed 
(%•  390)*     The  nasal  bones  take  part  in  the  formation  of  the  anterior 


Fig.  390. — Skull  of  Crocodile. 


nares,  and  the  hind -feet  have  the  toes  completely  united  by  the  skin.  The 
true  Crocodiles  are  very  widely  distributed — species  of  Crocodilus  being 
found  in  Africa,  India,  Malacca^  and  the  Indian  Archipelago,  and  ranging 
to  North  Australia ;  while  other  forms  inhabit  Cuba,  Central  America,  and 
the  northern  part  of  South  America.  The  best -known  species  are  the 
Crocodilus  vulgaris  of  Africa  and  the  C,  bifurccUus  of  Madagascar  and  the 
Oriental  province. 

(2.)  AUigcUoridce. — This  family  includes  the  Alligators,  in  which  the 
fourth  mandibular  tooth  (''canine")  is  received  into  a  pit  in  the  palatal 
surface  of  the  upper  jaw,  so  that  it  is  concealed  when  the  mouth  is  shut. 
The  nasal  bones  take  part  in  the  formation  of  the  anterior  nostrils,  and  the 
toes  of  the  hind-feet  are  incompletely  webbed.    There  is  often  an  abdominal 
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series  of  dermal  scutes.  The  Alligators  are  confined  to  the  warmer  parts 
of  North  and  South  America,  and  the  best-known  species  are  the  Alligator 
lucius  of  the  Southern  United  States,  the  Caiman  (A,  palpebrosus)  of  Suri- 
nam and  Guiana,  and  the  "Jacar^*'  or  Spectacled  Alligator  (^.  sclerops)  of 
Brazil. 

(3. )  Gavialtda, — This  group  includes  the  so-called  *'  Gavials  "  or  "  Ghar- 
rials,"  characterised  by  their  very  elongated  snouts,  and  by  the  fact  that 
the  nasal  bones  are  excluded  from  the  anterior  nares.  The  first  and  fourth 
mandibular  teeth  are  received  into  notches  in  the  upper  jaw.  The  best- 
known  member  of  this  family  is  the  **  Gavial "  {Gavialis  Gangeticus)  of  the 
Ganges  and  other  large  Indian  rivers.  Two  species,  belonging  to  the  allied 
genus  Tomistoma,  are  found  in  Borneo  and  North  AustraliaTrespectively. 


CHAPTER   LVIIL 

EXTINCT  ORDERS  OF  REPTILES, 

There  remain  a  number  of  groups  of  extinct  Reptiles  which 
differ  so  widely  from  existing  types  that  they  may  best  be  con- 
sidered separately  from  the  latter.  All  the  groups  in  question 
are  essentially,  if  not  exclusively,  Mesozoic  in  their  range,  and 
they  may  be  very  briefly  considered  here  under  the  following 
heads : — 

Order  V.  Ichthyopterygia,  Owen  ( ~  Ichthyosauriay  Hux- 
ley).— The  gigantic  Saurians  forming  this  order  are  distin- 
guished by  the  following  characters: — 

The  body  was  fish-like,  without  any  distinct  neck,  and  prob- 
ably covered  with  a  smooth  or  wrinkled  skin,  no  homy  or  bony 
exoskeleton  having  been  ever  discovered.  The  vertebrae  were 
numerous,  deeply  biconcave  or  amphicoelous,  and  having  the 
neural  arches  united  to  the  centra  by  a  distinct  suture.  The 
anterior  trunk-ribs  possess  bifurcate  heads.  There  is  no  sac- 
rum, and  no  sternal  ribs  or  sternum,  but  clavicles  were  present 
as  well  as  an  interclavicle  (episternum) ;  and  false  ribs  were 
developed  in  the  walls  of  the  abdomen.  The  skull  had  enor- 
mous orbits  separated  by  a  septum,  and  an  elongated  snout 
The  eyeball  was  protected  by  a  ring  of  bony  plates  in  the 
sclerotic.  The  teeth  were  not  lodged  in  distinct  sockets,  but 
in  a  common  alveolar  groove.  The  fore  and  hind  limbs  were 
converted  into  swimming-paddles  (fig.  392),  the  ordinary  num- 
ber of  digits  (five)  remaining  recognisable,  but  the  phalanges 
being  greatly  increased  in  number,  and  marginal  ossicles  being 
added  as  well.  A  vertical  caudal  fin  was  in  all  probability 
present. 
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The  order  Ichihyopterygia  includes  only,  or  principally,  the 
gigantic  and  fish-like  Ichthyosauri  (fig.  391),  all  exclusively 
Mesozoic,  and  abounding  in  the  Lias,  Oolites,  and  Chalk,  but 
especially  characteristic  of  the  IJas. 


Fig.  21^1.— Ichthyosaurus  communis. 

The  genus  Sauranodon^  described  by  Marsh  from  the  Juras- 
sic rocks  of  North  America,  may  also  be  provisionally  placed 
here.  It  agrees  with  Ichthyosaurus  in  the  general  structure  of 
the  skeleton,  but  teeth  are  absent.  The  Ichthyosauri  were  in- 
habitants of  the  sea,  and  were  exclusively  carnivorous  in  their 


Fig.  302.— A,  Pectoral  arch  and  fore -limbs  of  Ichthyosaurus:  a  Interclavicle ;  bb 
Clavicles ;  c  c  Scapulae ;  d  d  Coracoids  ;  t  Humerus ;  /  Ulna ;  g  Radius.  (Some- 
what altered  from  Huxley.)  B,  Pelvis  of  Ichthyosaurus :  p  Pubis ;  il  Ilium ;  is 
Ischium.    (After  Huxley.) 

habits.  They  have  been  commonly  included  with  the  next 
order  {Sauropterygia)  in  a  common  group,  under  the  name  of 
Enaliosauria  or  Sea-lizards. 

Order  VI.  Sauropterygia,  Owen  {  =  Flesiosauria^  Hux- 
ley).— This  order  of  extinct  Reptiles,  of  which  the  well-known 
Plesiosaurus  may  be  taken  as  the  type,  is  characterised  by  the 
following  peculiarities : — 

The  body,  as  far  as  is  known,  was  naked,  and  not  furnished 
with  any  homy  or  bony  exoskeleton.     The  bodies  of  the  ver- 
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tebrse  were  either  fiat  or  only  slightly  cupped  at  each  end,  and 
the  neural  arches  were  anchylosed  with  the  centra,  and  did 
not  remain  distinct  during  life.  The  transverse  processes  of 
the  vertebrae  were  long,  and  the  anterior  trunk-ribs  had  simple, 
not  bifurcate  heads.  No  sternum  or  sternal  ribs  are  known  to 
have  existed,  but  there  were  false  abdominal  ribs.  The  neck 
(fig.  393)  in  most  was  greatly  elongated,  and  composed  of 


Fig.  393. — Plcsiosaurus  dolichoeUirus. 

numerous  vertebrae.  The  sacrum  was  composed  of  two  verte- 
brae. The  orbits  were  of  large  size,  and  there  was  a  long  snout, 
as  in  the  Ichthyosauri,  but  there  was  no  circle  of  bony  plates 
in  the  sclerotic.  The  limbs  agree  with  those  of  the  Ichthyo- 
sauri in  being  in  the  form  of  swimming-paddles  (fig.  394),  but 
differ  in  not  possessing  any  supernumer- 
ary marginal  ossicles.  A  pectoral  arch, 
formed  of  two  clavicles  and  an  inter- 
clavicle  (epistemum),  appears  to  have 
been  sometimes,  if  not  always,  present. 
The  teeth  were  simple,  and  were  in- 
serted into  distinct  sockets,  and  not 
^     lodged  in  a  common  groove. 

The  most  familiar  and  typical  member 
of  the  Sauropterygia  is  the  Plesiosaurus 
(%•    393)>    ^    gigantic    marine    reptile, 
chiefly  characteristic   of  the    Lias  .and 
Oolites,  but  ranging  to  the  Chalk,  speci- 
mens  having  been  found   indicating   a 
length  in  some  species  of  eighteen  or 
Fig.  3b4.-Lcft  fore-paddle  twenty  fcet.    Allied  -to  Plesiosaurus  are 
o{  Pieswsaurui.  «  Hu-  the    Triassic    genera    Simosaurus    and 
mcrus .        lus,  c    na.   ^^/^j.^^^^^  which  are   chiefly  charac- 
teristic of  the  formation  of  the  Muschelkalk.  .  . 

Order  VII.  Anomodontia,  Owen  ( =  Dicynodontiay  Hux- 
ley);— The  leading  characters  of  this  order  are  to  be  found  in 
the  structure  of  the  jaws,  which  appear  to  have  been  sheathed 
in  horn  so  as  to  constitute  a  kind  of  beak,  very  like  that  of 
the  Chelonians.  In  the  genus  Oudmodon  (fig.  395),  both  jaws 
seem  to  have  been  altogether  destitute  of  teeth ;  but  in  JDicy- 
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nodon  (fig.  395,  A)  there  were  two  long  tusks,  growing  from 
persistent  pulps,  placed  one  on  each  side  in  the  upper  jaw. 
The  pectoral  and  pelvic  arches  were  very  strong,  and  the  limbs 
were  well  developed  and  fitted  for  walking,  and  not  for  swim- 


fig-  395« — A,  Skull  of  Dicynodon  lacerticeps^  shomng  the  maxillary  tusk.     B,  Skull  of 
Oudenodon  Bainii.     From  the  Trias  of  South  Africa.    (After  Owen,) 

ming.     The  dorsal  vertebrae  were  amphicoelous,  and  the  ante- 
rior trunk-ribs  had  double  heads. 

.  The, genera  Oudenodon  and  Dicynodon  comprise  large  Rep- 
tiles, the. remains  of ; which  have  been  found  in  strata  of  Triassic 
age. in.  South  Africa  and  India.  The  genus  RhynchosquruSy 
of  the  Trias  of  Europe,  is  also  placed  here  by  Owen,  but  it  is 
regarded  as  Lacertilian  in  its  affinities  by  Professor  Huxley.  > 
There.are  points  of  relationship  between  the  Anqmodonts  and 
the.  singular  living,  genus  Sphenodon  (IfaUena),  and /it  is  pos- 
sible that' the  RhynchocepHalia  should  be  regarded  as>  sub- 
division .of ,  the  present  order..  The  singular  Triassic  genus 
Placodus/\Tiyf\\\&L  the  teeth  have  the  form  of  broad ,  crushing 
plates,  may  represent  another  division  of  the  Anomodontia, 
Lastly,  the  following  order  oi  \.\it,Theriodontia  may  probabjy 
be  considered  as  inreality  only  a  sub-order  of  the  ^omodont 
Reptiles.  ...;:., 

Order  VIII.  Theriodontia. — This  order  has  been  founded 
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by  Professor  Owen  for  the  reception  of  a  number  of  carnivor- 
ous Reptiles  from  deposits  of  Triassic  or  Permian  age.  The 
Reptiles  in  question  show  some  singular  affinities  to  the  Mam- 
mals, especially  to  the  Beasts  of  Prey.  The  dentition  is  of  the 
carnivorous  type,  the  teeth  being  in  three  distinct  sets — viz., 
incisors,  canines,  and  molars,  and  the  canines  being  large  and 
pointed. 

In  Cynodraco^  which  may  be  regarded  as  the  type  of  the 
group,  the  canines  are  not  only  of  immense  size,  but  are  com- 


Fig.  ^96.— A,  Front  view  of  the  skull  of  LycosauruSy  showing  the  dentition.  B,  Front 
view  of  the  jaws  oiCynodraco  serridenSy  showing  the  incisor  teeth.  C,  Side  view  of 
the  jaws  of  LycosauruSy  showing  the  incisors  and  the  laniariform  canines  ;  c  Canines. 
(After  Owen.) 

pressed  in  shape,  and  have  the  hinder  trenchant  border  of  the 
tooth  minutely  serrated,  thus  resembling  the  canines  of  the 
Sabre-toothed  Tiger  {Machairodus),  The  humerus  is,  further, 
furnished  with  a  "  supra-condyloid  foramen  "  (similar  to  that 
of  the  humerus  of  Feiidcs  and  other  carnivorous  Mammals)  for 
the  protection  of  the  median  nerve  and  brachial  artery  on 
their  way  down  the  arm.  Whilst  Cynodraco  is  the  type  of  the 
Theriodontiay  Prof.  Owen  is  of  opinion  that  a  number  of  other 
genera  (such  as  Galesaurus,  Cynochampsa^  LycosauruSy  &c.), 
principally  of  Triassic  age,  are  likewise  referable  to  the  same 
order. 

Order  IX.  Pterosauria  (Omithosaurtay  Seeley). — This 
order  includes  a  group  of  extraordinary  flying  Reptiles,  all 
belonging  to  the  Mesozoic  epoch,  and  exhibiting  in  many 
respects    a  very    extraordinary   combination    of   characters. 
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The  most  familiar  members  of  the  order  are  the  so-called 
"  Pterodactyles/'  and  the  following  are  the  characters  of  the 
order : — 

No  exoskeleton  is  known  to  have  existed.  The  dorsal 
vertebrae  are  procoelous,  and  the  anterior  trunk -ribs  are 
double-headed.  There  is  a  broad  sternum  with  a  median 
ridge  or  keel,  and  ossified  sternal  ribs.  The  jaws  were  gen- 
erally armed  with  teeth,  and  these  were  implanted  in  distinct 
sockets.  In  some  forms  {RhampJwrhynchus)  there  appear  to 
have  been  no  teeth  in  the  anterior  portion  of  the  jaws,  and 
these  parts  seem  to  have  been  sheathed  in  horn,  so  as  to 
constitute  a  kind  of  beak.  In  the  genus  PteranodoUy  from  the 
Cretaceous  rocks  of  North  America,  comprising  gigantic  ex- 
amples of  the  order,  the  jaws  are  completely  destitute  of  teeth, 
and  appear  to  have  been  encased  in  a  horny  beak. 

A  ring  of  bony  plates  occurs  in  the  sclerotic  coat  of  the 
eye.  The  pectoral  arch  consists  of  a  scapula  and  distinct 
coracoid  bone,  articulating  with  the  sternum  as  in  Birds,  but 
no  clavicles  have  hitherto  been  discovered.  The  fore-limb 
(fig.  397)  consists  of  a  humerus,  ulna  and  radius,  carpus,  and 


Fig.  307. — Pterodactylus  crassirostris.  From  the  Lithographic  Slates  of  Solenhofen 
(Upper  OoliteX  In  accordance  with  the  view  originally  entertained,  the  digits  of 
the  nand  are  here  erroneously  represented  as  five  instead  of  four  in  number. 

hand  of  four  fingers,  of  which  the  inner  three  are  short  and 
unguiculate,  whilst  the  outermost  is  clawless  and  is  enormously 
elongated.     Between  this  immensely  -  lengthened  finger,  the 
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side  of  the  body,  and  the  comparatively  small  hind-limb,  there 
was  supported  an  expanded  flying-membrane/  or  "  patagium," 
which  the  animal  must  have  been  able  to  employ  as  a  wing, 
much  as  the  Bats  of  the  present  day.  Lastly,  most  of  the 
bones  were  "pneumatic" — that  is  to  say,  were  hollow  and 
filled  with  air.. 

The  Pterosauria  are  exclusively  Mesozoic,  being  found' 
from  the  Lower  Lias  to  the  Chalk  inclusive,  the  Litho- 
graphic Slate  of  Solenhofen  (Jurassic)  being  particularly  rich 
in  their  remains.  Most  of  them  appear  to  have  attained 
no  very  great  size,  but  the  remains  of  a  species  from  the 
Cretaceous  rocks  have  been  considered  to  indicate  an  animal 
with  more  than  twenty  feet  expanse  of  wing,  counting  from 
tip  to  tip. 

In  the  genus  Pterodactylus  proper,  the  jaws  are  provided 
with  teeth  to  their  extremities,  all  the  teeth  being  long  and 
slender. 

In  Dimorphodon^  the  anterior  teeth  are  large  and  pointed, 
the  posterior  teeth  small  and  lancet-shaped. 

In  Rhatnphorhynchus^  the  anterior  portion  of  both  jaws  is 
edentulous,  and  may  have  formed  a  horny  beak,  but  teeth 
are  present  in  the  hinder  portion  of  the  jaws. 

In  Pteranodon^  lastly,  the  jaws  are  completely  edentulous, 
and  were  probably  ensheathed  in  horn.  This  genus,  along 
with  some  small  forms,  includes  the  largest  known  members 
of  the  order. 

Order  X.  Dinosauria,  or  Deinosauria. — The  last  order 
of  extinct  Reptiles  is  that  of  the  Dinosauria^  comprising  a 
group  of  very  remarkable  Reptiles,  which  are  in  some  respects 
intermediate  in  their  characters  between  the  Struthious  Birds 
and  the  typical  Reptiles ;  whilst  they  have  been  supposed  to 
have  affinities  to  the  Pachydermatous  Mammals.  Most  of  the 
Dinosauria  were  of  gigantic  size,  and  the  order  is  defined  by 
the  following  characters  : — 

The  skin  was  sometimes  naked,  sometimes  furnished  with  a 
well-developed  exoskeleton,  consisting  of  bony  shields.  A 
few  of  the  anterior  vertebrae  were  opisthocoelous,  the  remainder 
having  flat  or  slightly  biconcave  bodies.  The  anterior  trunk- 
ribs  were  double-headed.  The  teeth  were  confined  to  the 
jaws  and  mostly  implanted  in  distinct  sockets.  There  were 
always  two  pairs  of  limbs,  and  these  were  strong,  furnished 
with  claws,  and  adapted  for  terrestrial  progression.  In  some 
cases  the  fore-limbs  were  very  small  in  proportion  to  the 
size  of  the  hind -limbs.  No  clavicles  have  been  certainly 
identified,  except  in  Iguanodon  and  its  allies. 
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The  teeth  are  sometimes  implanted  ia  distinct  sockets,  and 
they  are  never  aftchylosed  with  the  jaws.     The  ischium  and 
pubes  are  much  elongated;  the  inner  wall  of  the' acetabulum 
is  formed  by  membrane  ; 
the  tibia  has  its  proximal 
end     prolonged'  anteriorly 
into   a   strong   crest;   and 
the  astragalus  is  bird -like 
(Huxley). 

The  most  remarkable 
points  in  the  organisation 
of  the  Dinosauria  are  con- 
nected with  the  structure 
of  the  pelvis  and  hind- 
limb,  the  characters  of 
which,  as  pointed  out  by 
Huxley,  approximate  to 
those  of  the  same  parts  in 
the  Birds,  and  especially  in 
the  Struthious  Birds.  This 
approximation  is  especially 
seen  in  the  prolongation  of 
the  ilium  in  front  of  the 
acetabulum  (fig.  398),  the 
elongation  and  slendemess 
of  form  of  the  ischium,  and 
the  slendemess  of  the  pubes. 
The  astragalus  is  like  that 
of  a  bird,  and  in  some  cases 
appears  to  have  become 
anchylosed  with  the  distal 
end  of  the  tibia.  The  me- 
tatarsal bones,  however,  re- 
main distinct,  and  are  not  anchylosed  with  any  of  the  tarsal 
bones  to  form  a  **  tarso-metatarsus." 


Fie.  3^.— Leg  of  Deinosaur.  il  Ilium;  is 
Ischium  ;  f  Femur ;  t  Tibia ;  s  Fibula ;  as 
Astragalus ;  ca  Calcaneum ;  m  Metatarsus. 
(After  Huxley.) 


The  most  familiar  examples  of  the  Dinosauria  are  Megalosaurus  and 
Iguanodcn. 

Megalosaurus  is  a  gigantic  Oolitic  Reptile,  which  occurs  also  in  the 
Cretaceous  series  (Weald  Clay).  Its  length  has  been  estimated  at  between 
forty  and  fifty  feet,  the  femur  and  tibia  each  measuring  about  three  feet 
in  length.  As  the  head  of  the  femur  is  set  on  nearly  at  right  angles  with 
the  shaft,  whilst  all  the  long  bones  contain  large  medullary  cavities,  there 
can  be  no  doubt  but  that  Megalosaurus  was  terrestrial  in  its  habits.  That 
it  was  carnivorous  and  destructive  in  the  highest  degree  is  shown  by  the 
powerful,  pointed,  and  trenchant  teeth. 

The  Iguanodon  is  mainly,  if  not  exclusively,  Cretaceous,  being  especially 


6SO  MANUAL  OF  ZOOLOGY. 

characteristic  of  the  great  delta-deposit  of  the  Wealden.  The  length  of 
the  Iguanodon  has  been  estimated  as  being  probably  from  fifty  to  sixty 
feet ;  and  from  the  close  resemblance  of  its  teeth  to  those  of  the  living 
Iguanas,  there  is  little  doubt  that  it  was  herbivorous  and  not  carnivorous. 
The  femur  of  a  large  If^anodon  measures  from  four  to  five  feet  in  length, 
with  a  circumference  of  twenty- two  inches  in  its  smallest  part.  From  the 
disproportionately  small  size  of  the  fore-limbs,  and  from  tne  occurrence  of 
pairs  of  gigantic  three-toed  footsteps  in  the  same  beds,  it  has  been  con- 
cluded, with  much  probability,  that  Iguatiodony  in  spite  of  its  enormous 
bulk,  must  have  walked  temporarily  or  permanently  upon  its  hind-legs, 
thus  coming  to  present  a  most  marked  and  striking  resemblance  to  the 
Birds. 
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DIVISION  II.—SAUROPSIDA. 


CHAPTER    LIX. 
CLASS    IV.—AVES. 

The  fourth  class  of  the  Vertebrata  is  that  of  Aves^  or  Birds. 
The  Birds  may  be  shortly  defined  =  as  being  "oviparous  Verte- 
brates with  warm  blood,  a  double  circulation,  and  a  covering 
of  feathers"  (Owen);  More  minutely,  however,  the  Birds  are 
defined  by  the  possession  of  the  following  characters : — 

The  embryo  possesses  an  amnion  and  allantois,  and  branchi^  . 
or  gills  are  never  developed  at  any  time  of  life  upon  the  visceral 
arches.  The  .skull  articulates  with  the  vertebral  columri  by  a 
single  occipital  condyle.  The  form  of  the  vertebral  .'centra 
varies ;  but  they  are  in  no  case  amphiccelous,  except  in  the 
remarkable  extinct  form  described  under  the  mm^  oi  Ichthyor- 
nis.  Each  half  or  ramus  of  the  lower  jaw  consists  of  a  number 
of  pieces,  which  are  separate  from  one  another  in  the  embryo; 
and  the  jaw  is  united  with  the  skull,  not  directly,  but  by  the 
intervention  of  a  quadrate  bone  (as  in  the  Reptileis).  The  fore- 
limb  in  no  existing  birds  possesses  more  than  three  digits, 
and  the  metacarpal  bones  are  anchylosed  together.  In  all 
living  birds  the  fore-limbs  are  useless  as  regards  prehension, 
and  in  most  they  are  organs  of  flight.  The  hind-limbs  in  all 
birds  have  the  ankle-joint  placed  in  the  middle  of  the  tarsus, 
the  proximal  portion  of  the  tarsus  coalescing  with  the  tibia, 
and  the  distal  portion  of  the  tarsus  being  anchylosed  with  the 
second,  third,  and  fourth  metatarsals  to  constitute  a  single 
bone  known  as  the  "  tarso-metatarsus."  There  are  never  more 
than  four  digits  in  the  pes. 

The  heart  consists  of  four  chambers,  two  auricles,  and  two 
ventricles;  and  not  only  are  the  right  and  left  sides  of  the 
heart  completely  separated  from  one  another,  but  there  is  no 
communication  between  the  pulmonary  and  systemic  drcula- 
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tions,  as  there  is  in  Reptiles.  There  is  only  one  aortic  arch, 
the  right.  The  blood  is  hot,  having  an  average  temperature  of 
as  much  as  103°  to  104°.  The  red  blood-corpuscles  are  oval 
and  nucleated. 

The  respiratory  organs  are  in  the  form  of  spongy  cellular 
lungs,  which  are  not  freely  suspended  in  pleural  sacs ;  and  the 
bronchi  open  on  their  surface  into  a  number  of  air-sacs,  placed 
in  different  parts  of  the  body. 

The  intestine  terminates  in  a  "  cloaca,"  into  which  open  the 
ducts  of  the  urinary  and  reproductive  organs. 

All  birds  are  oviparous,  none  bringing  forth  their  young 
alive,  or  being  even  ovo-viviparous.  All  birds  are,  lastly,  pro- 
vided with  an  epidermic  covering,  so  modified  as  to  constitute 
what  are  known  2s  feathers. 

Professor  Huxley's  accottnt  of  the  method  in  which  feathers  are  produced 
is  so  remarkably  clear,  that  no  apology  is  necessary  for  quoting  it  in  its 
entirety.  Feathers  "  are  evolved  within  sacs  from  the  surface  of  conical 
papillae  of  the  dermis.  The  external  surface  of  the  dermal  papilla,  whence 
a  feather  is  to  be  developed,  is  provided  upon  its  dorsal  surface  with  a 
median  groove,  which  becomes  shallower  towards  ihe  apex  of  the  papilla. 
From  this  median  groove,  lateral  furrows  proceed  at  an  open  angle,  and 
passing  round  upon  the  under  surface  of  the  papilla,  become  shallower, 
until,  in  the  middle  line,  opposite  the  dorsal  median  groove,  they  become 
obsolete.  Minor  grooves  run  at  right  angles  to  the  lateral  furrows.  Hence 
the  surface  of  the  papilla  has  the  character  of  a  kind  of  mould,  and  if  it 
were  repeatedly  dipped  in  such  a  substance  as  a  solution  of  gelatine,  and 
withdrawn,  to  cool  until  its  whole  surface  was  covered  with  an  even  coat  of 
that  substance,  it  is  clear  that  the  gelatinous  coat  would  be  thickest  at  the 
basal  or  anterior  end  of  the  median  groove,  at  the  median  ends  of  the  late- 
ral furrows,  and  at  those  ends  of-the  minor  grooves  which  open  into  them  ; 
whilst  it  would  be  very  thin  at  the  apices  of  the  median  and  lateral  grooves, 
and  between  the  ends  of  the  minor  grooves.  If,  therefore,  the  hollow  cone 
of  gelatine,  removed  from  its  mould,  were  stretched  from  within,  or  if  its 
thinnest  parts  became  weak  by  drying,  it  would  tend  to  give  way  along 
the  inferior  median  line,  opposite  the  rod-like  cast  of  the  median  groove, 
and  between  the  ends  of  the  casts  of  the  lateral  furrows,  as  well  as  between 
each  of  the  minor  grooves,  and  the  hollow  cone  would  expand  into  a  fiat 
feather-like  structure,  with  a  median  shaft  and  a  *  vane '  formed  of  '  barbs ' 
and  *barbules.'  In  point  of  fact,  in  the  development  of  a  feather,  such  a 
cast  of  the  dermal  papilla  is  formed,  though  not  in  gelatine,  but  in  the  homy 
epidermic  layer  developed  upon  the  mould,  and  as  this  is  thrust  outwards, 
it  opens  out  in  the  manner  just  described.  After  a  certain  period  of  growth 
the  papilla  of  the  feather  ceases  to  be  grooved,  and  a  continuous  homy 
cylinder  is  formed,  which  constitutes  the  *  quill.'" 

A  typical  feather  (fig.  399)  consists  of  the  following  parts  : — 
I.  The  "quill"  or  "calamus"  (a\  which  forms  the  basal  por- 
tion of  the  feather,  by  which  it  is  inserted  in  the  skin  on  its 
own  dermal  papilla.  It  is  the  latest-formed  portion  of  the 
feather,  and  consists  of  a  hollow  homy  cylinder.     2.  The 
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"shaft"  or  "rachis"  (d),  which  is  simply  a  continuation  of  the 
quill,  and  which  forms  the  central  axis  of  the  feather.  The 
inferior  surface  of  the  shaft  always  exhibits  a  strong  longitudi- 
nal groove,  and  it  is  composed  of 
a  homy  external  sheath,  containing 
a  white  spongy  substance,  very  like 
the  pith  of  a  plant  3.  The  shaft 
carries  the  lateral  expansions  or 
**  webs  "  of  the  feather,  collectively 
constituting  the  "  vane  "  or  "  vexil- 
lum."  Each  web  is  composed  of  a 
number  of  small  branches,  which 
form  an  open  angle  with  the  shaft, 
and  which  are  known  as  the 
"  barbs  "  (c).  The  margins  of  each 
barb  are,  in  turn,  furnished  with  a 
series  of  still  smaller  branches, 
which  are  known  as  the  "  bar- 
bules."  As  a  general  rule,  the 
extremities  of  the  barbules  are 
hooked,  so  that  those  springing 
from  the  one  side  of  each  barb 
interlock  with  those  springing  from 
the  opposite  side  of  the  next  barb. 
In  this  way  the  barbs  are  kept  in 
apposition  with  one  another  over 
a  greater  or  less  portion  of  the 
entire  web.  More  or  less  of  the 
barbs  in  the  lower  portion  of  the 
feather  are,  however,  disunited,  and 
not  connected  by  their  barbules ; 
and  these  constitute  what  is  known 
as  the  "  down."  In  the  Ostriches, 
Emeus,  and  allied  birds,  all  the 
barbs  of  the  feathers  are  discon- 
nected, giving  to  the  plumage  of 
these  birds  its  peculiarly  soft  char- 
acter. At  the  point  where  the  shaft 
joins  the  quill,  and  on  the  under 
side  of  the  former,  there  is  very 
generally  found  a  small  feather, 
known  as  the  "accessory  plume" 
or  "  after  -  shaft "  ("  hyporachis '*).  This  is  usually  much 
the  same  in  structure  as  the  main  feather,  but  consider- 
ably smaller.     It  may,  however,  be  as  large  as  the  originaj 
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feather,  or  it  may  be  reduced  to  nothing  more  than  a  tuft 
of  down. 

The  feathers  vary  in  different  parts  of  the  bird,  and  are  generally 
divided  into  those  which  cover  the  body — "clothing-feathers"  or  "con- 
tour-feathers"— and  those  which  occur  in  the  wings  and  tail — "quill- 
feathers."  As  regards  the  great  quill-feathers  of  the  wings,  the  longest 
are  those  which  arise  from  the  bones  of  the  hand,  and  they  are  called  the 
**  primaries."  Those  which  arise  from  the  distal  end  of  the  fore-arm 
(radius  and  ulna)  are  termed  the  "secondaries,"  and  those  which  are 
attached  to  the  proximal  end  of  the  fore-arm  are  the  "  tertiaries."  The 
feathers  which  lie  over  the  humerus  and  scapula  are  the  "scapulars." 
The  rudimentary  "thumb"  also  carries  some  quills,  which  form  what  is 
known  as  the  "alula,"  or  "bastard-wing."  The  smaller  feathers,  which 
cover  the  bases  of  the  quill-feathers  above  and  below,  are  the  "wing- 
coverts" — "greater,"  "lesser,"  and  "under."  The  great  quill-feathers 
of  the  tail  ( "  rectrices  ")  form  a  kind  of  fan,  of  great  use  in  steering  the 
bird  in  flight ;  and  their  bases  are  covered  by  a  series  of  feathers  which 
constitute  the  "tail-coverts."  Generally  there  are  ten  or  twelve  "rec- 
trices"; but  there  may  be  as  many  as  twenty-four  (as  in  the  Pelican),  or 
rarely  more  ;  and  they  do  not  carry  "accessory  plumules."  In  addition 
to  the  "clothing-feathers"  and  the  quill-feathers  of  the  wings  and  tail, 
the  body  is  protected  by  a  more  or  less  abundantly  developed  coating  of 
"down-feathers"  ("plumulae"),  in  which  the  barbules  are  not  hooked, 
and  the  barbs  are  therefore  free.  In  some  cases  there  is  no  shaft  to  the 
down-feathers,  and  the  barbs  are  attached  in  a  tuft  to  the  end  of  the  quill. 
In  other  cases,  the  feathers  closely  approximate  to  hairs  in  form,  being 
very  long,  slender,  and  flexible.  These  "filoplumae"  consist  of  a  delicate 
shaft,  either  destitute  of  vanes,  or  carrying  a  few  barbs  at  the  extremity. 

Though  apparently  completely  covered  with  feathers,  these  appendages 
are  really  almost  always  confined  to  certain  special  tracts  ("pterylae  ")  in 
the  body  of  a  bird,  the  intervening  spaces  ("apteria")  being,  with  few 
exceptions,  naked.  These  feathered  and  unfeathered  regions  are  definite 
in  form,  size,  and  arrangement  in  many  great  groups  of  birds,  and  can  thus 
be  used  as  an  important  aid  to  classification. 

Other  exoskeletal  structures  in  Birds,  in  addition  to  feathers,  are  the 
homy  scales  and  shields  which  cover  the  unfeathered  portions  of  the  leg 
and  toes,  the  homy  spurs  on  the  wings  of  some  birds,  and  the  homy  beak 
in  which  the  jaws  are  ensheathed.  Specially  modified  tracts  of  the  skin, 
highly  vascular,  and  sometimes  erectile,  constitute  the  "combs"  and 
"  wattles"  of  many  male  birds.  Lastly,  though  sudoriparous  and  sebace- 
ous glands  are  absent,  roost  Birds  possess  a  special  oil-gland  placed  at  the 
root  of  the  tail,  secreting  an  oily  fluid  for  lubricating  the  feathers,  and 
opening  by  a  single  or  double  aperture. 

The  entire  skeleton  of  the  Birds  is  singularly  compact,  and  at 
the  same  time  singularly  light.  The  compactness  is  due  to  the 
presence  of  an  unusual  amount  of  phosphate  of  lime ;  and  the 
lightness,  to  the  absence  in  many  of  the  bones  of  the  ordinary 
marrow,  and  its  replacement  by  air. 

As  regards  the  vertebral  column^  birds  exhibit  some  very 
interesting  peculiarities.  The  cervical  region  of  the  spine  is 
unusually  long  and  flexible,  since  the  fore-limbs  are  useless  as 
organs  of  prehension,  and  all  acts  of  grasping  must  be  exer- 
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cised  either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting 
in  conjunction.  In  all  birds  alike,  the  neck  is  sufficiently  long 
and  flexible  to  allow  of  the  application  of  the  beak  to  an  oil- 
gland  placed  at  the  base  of  the  tail,  this  act  being  necessary 
for  the  due  performance  of  the  operation  of  "  preening  " — that 
is,  of  lubricating  and  cleaning  the  plumage.  The  cervical 
vertebrae  vary  in  number  from  eight  to  twenty-three.  The  front 
faces  of  their  centra  are  cylindroidal  (spheroidal  in  Penguins), 
convex  from  above  downwards^  and  concave  from  side  to  side,  the 
posterior  faces  being  saddle-shaped^  concave  from  above  down- 
wards and  convex  from  side  to  side.  Hence  in  vertical  sec- 
tion, the  vertebrae  appear  to  be  opisthocoelous^  and  in  horizontal 
section  proccelous.  This  structure  of  the  cervical  vertebrae  is 
highly  characteristic  of  Birds.  The  dorsal  vertebrae  vary  from 
six  to  ten  in  number,  and  of  these  the  anterior  four  or  five  are 
generally  anchylosed  with  one  another,  so  as  to  give  a  base  of 
resistance  to  the  wings.  In  the  Ratite  Birds,  however  (such 
as  the  Ostrich  and  Emeu),  and  in  some  others  (such  as  the 
Penguin),  in  which  the  power  of  flight  is  wanting,  the  dorsal 
vertebrae  are  all  more  or  less  freely  movable  upon  one  another. 
There  are  no  free  lumbar  vertebrae,  but  all  the  vertebrae  be- 
tween the  last  dorsal  and  the  first  caudal  (varying  from  eleven 
to  twenty)  are  anchylosed  together  to  form  a  bone  which  is 
ordinarily  known  as  the  "  sacrum."  To  this,  in  turn,  the  iliac 
bones  are  anchylosed  along  their  whole  length,  giving  perfect 
immobility  to  this  region  of  the  spine  and  to  the  pelvis.  The 
anterior  vertebrae  of  the  so-called  ** sacrum"  are  in  realit}* 
lumbar  vertebrae ;  the  two  or  three  vertebrae  behind  these  are 
properly  sacral,  and  the  anchylosed  vertebrae  which  follow 
these  are  really  the  anterior  caudal  vertebrae. 

The  coccygeal  or  caudal  vertebrae  vary  in  number  from  eight 
to  ten,  and  are  movable  upon  one  another.  In  reality,  how- 
ever, the  number  of  caudal  vertebrae  is  much  greater  than  the 
above,  since  some  of  the  vertebrae  of  the  anchylosed  "  sacrum  " 
properly  fall  to  be  counted  in  this  region,  and  the  "  plough- 
share-bone "  consists  of  more  than  one  vertebra.  The  most 
noticeable  feature  about  this  part  of  the  spinal  column  is  what 
is  known  as  the  "  ploughshare-bone  "  or  "  pygostyle."  This  is 
the  last  joint  of  the  tail,  and  is  a  long,  slender,  ploughshare- 
shaped  bone,  destitute  of  lateral  processes,  and  without  any 
medullary  canal  (fig.  405,  B).  In  reality  it  consists  of  two  or 
more  of  the  caudal  vertebrae,  completely  anchylosed,  and  fused 
into  a  single  mass.  It  is  usually  set  on  to  the  extremity  of 
the  spine  at  an  angle  more  or  less  nearly  perpendicular  to  the 
axis  of  the  body;  and  it  affords  a  firm  basis  for  the  support  of 
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the  great  quill-feathers  of  the  tail  ("  rectrices  ").  It  also  sup- 
ports the  coccygeal  oil-gland,  and  can  be  raised  at  pleasure, 
so  as  to  meet  the  bill,  when  the  operation  of  preening  is  in 
progress.  In  the  Ratite  Birds,  which  do  not  fly,  the  tenninal 
joint  of  the  tail  is  not  ploughshare-shaped.  In  the  extraor- 
dinary Jurassic  bird,  the  ArchcBopteryx  macrura^  there  is  no 
ploughshare-bone,  and  the  tail  consists  of  twenty  separate 
vertebrae,  all  distinct  from  one  another,  and  each  carrying  a 
pair  of  quill -feathers,  one  on  each  side  (fig.  409).  As  the 
vertebrae  of  the  ploughshare -bone  are  distinct  from  one  an- 
other in  the  embryos  of  existing  birds,  the  tail  of  the  Archaop- 
teryx  is  to  be  regarded  as  a  case  of  the  permanent  retention 
in  the  adult  of  an  embryonic  character.  In  the  increased 
number  of  caudal  vertebrae,  however,  and  in  some  other  char- 
acters, the  tail  of  the  Archaopteryx  makes  a  decided  approach 
to  the  true  Reptiles. 

The  various  bones  which  compose  the  skull  of  Birds  become 
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Fig.  400.— Side  view  of  the  skull  of  the  Fowl,  de  Dentary  portion  of  the  mandible ; 
ar  Articular  portion  of  the  mandible ;  qu  Quadrate  bone ;  sq  Squamosal ;  eo  Ex- 
occipital  ;  so  Supra-occipital ;  pa  Parietal ;  /r  Frontal ;  la  Lachrymal ;  na  Nasal ; 
vo  Vomer;  pmx  Praemaxilla;  mx  Maxilla;  ju  Jugal;  qj  Quadrato-jugal ;  // 
Pterygoid  ;  //  Palatine ;  is  Interorbital  septum. 

at  an  early  period  of  life  more  or  less  completely  amalgamated, 
even  the  sutures  between  them  being  obliterated.  The  skull 
articulates  with  the  vertebral  column  by  a  single  hemispherical 
or  globular  condyle,  carried  upon  the  basioccipital  and  ex- 
occipitals.  The  orbits  are  of  large  size,  and  separated  by  an 
interorbital  septum,  which  is  often  not  completely  ossified. 
The  facial  region  is  long,  and  the  nasal  bones  (fig.  400,  na) 
are  short,  so  that  the  external  nostrils  (except  in  Apteryx)  are 
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placed  far  back.  The  lachrymal  bone  (fig.  400,  ia)  is  usually 
a  large  and  distinct  bone,  articulating  with  the  frontal  and 
nasal  bones. 

The  **beak,"  which  forms  such  a  conspicuous  feature  in  all 
birds,  consists  of  an  upper  and  lower  half  (the  "  superior  "  and 
"  inferior  mandible  "  of  ornithologists).  The  upper  half  of  the 
beak  is  composed  principally  of  the  greatly  elongated  and 
coalescent  praemaxillae  (fig.  400,  pmx\  which  give  off  long 


Fig.  401.— Skull  of  young  Ostrich,  viewed  from  above  (A),  and  from  below  (BX  (After 
Owen.)  0/  OccipitcJ  foramen ;  so  Supra-occipital ;  eo  Exoccipital ;  q  Quadrate ; 
/a  Parietal;//  Pterygoid  process;  /  Frontal;  e  Ethmoid;  n  Nasal;  /m  Maxil- 
lary process  of  praemaxilla ;  m  Malar  or  jugal  bone ;  im  Praemaxilla ;  /  Palatine 
bone  ;  v  Vomer ;  /  Lachrymal  bone.  The  skull  being  that  of  a  young  bird,  the 
sutures  are  not  yet  obliterated. 

**  frontal  processes  "  above,  while  they  send  inwards  **  palatine 
processes,"  and  join  the  small  maxillae  behind.  The  primi- 
tively complex  mandible  has  all  its  constituent  pieces  fused 
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with  one  another,  and  the  two  rami  are  also  joined  by  a  bony 
S3anphysis,  so  that  the  mandible  forms  a  single  piece.  The 
mandible  is  articulated  with  the  skull  by  the  intervention  of  a 
quadrate  bone  (fig.  400,  qu\  which  is  always  permanently 
movable,  and  is  never  anchylosed  with  the  skull.  Articulated 
with  the  front  face  of  the  quadrate  bone  is  a  slender  bony  rod 
formed  behind  by  the  "  quadrato-jugal,"  in  the  middle  by  the 
"  jugal "  bone,  and  in  front  by  the  maxilla  (fig.  400,  qj\ju,  mx). 
When  the  mandible  is  depressed,  the  quadrate  bone  is  thrust 
forward,  and  the  rod  formed  by  the  coalescent  quadrato-jugal 
and  jugal  pushes  on  the  maxilla,  thus  elevating  the  upper  half 
of  the  beak,  which  is  commonly  articulated  with  the  skull  in 
a  more  or  less  movable  manner.  The  Parrots  possess  this 
movable  articulation  of  the  upper  half  of  the  beak  in  its 
greatest  perfection,  but  it  exists  in  a  less  complete  form  in 
many  birds. 

The  maxillae  of  birds,  as  before  remarked,  are  compara- 
tively slender  bones ;  but  they  send  inwards  extensively  devel- 
oped horizontal  processes  ("maxillo- palatine  processes"), 
which  may  form  a  large  portion  of  the  hard  palate.  The 
extent,  however,  to  which  these  processes  are  developed 
varies  much  in  different  birds,  and  on  these  variations,  com- 
bined with  the  structure  of  the  vomer,  Prof.  Huxley  has  pro- 
posed to  found  the  following  divisions  of  Carinate  Birds : — 

1.  Desmognatha, — Maxillss  sending  inwards  largely  developed  maxillo- 
palatine  processes,  which  unite  with  one  another  to  form  a  bony  roof  to 
the  palate.  The  vomer  truncated  in  front,  small  or  obsolete.  Ex.  Birds 
of  Prey,  Parrots,  Cuckoos,  Kingfishers,  Trogons,  Anserine  Birds,  Storks, 
Cormorants. 

2.  Schizognathte, — Maxillo-palatine  processes  of  the  maxillae  separated 
by  a  wider  or  narrower  cleft.  Vomer  long  and  pointed  in  front,  narrow 
behind.  Ex.  Plovers,  Gulls,  Penguins,  Cranes,  Fowls,  Sand -grouse. 
Pigeons. 

3.  yEgithognatha.  —  Maxillo  -  palatine  processes  separated  by  a  cleft. 
Vomer  truncated  in  front,  narrow  behind.  Ex.  Perching  Birds,  Swifts, 
Woodpeckers. 

4.  DronuEognatJuB. — Vomer  broad  behind,  interposing  between  the 
pterygoids,  the  palatine  bones,  and  the  Ixisi-sphenoid  rostrum.  This 
division  includes  only  the  Tinamous  {Tinamomorpha). 

In  no  living  Birds  are  teeth  ever  developed,  though  rudi- 
ments of  teeth  have  been  recognised  in  the  embryos  of  some 
Parrots.  In  existing  birds  the  praemaxillse,  maxillae,  and 
mandible  are  sheathed  in  horn,  constituting  the  "  beak."  In 
the  extinct  OdontornitheSy  on  the  other  hand,  as  also  in  Arch- 
ceopteryx^  conical  teeth  are  present,  sunk  in  distinct  sockets  or 
in  a  groove  in  the  jaw. 
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The  thoracic  cavity  is  bounded  behind  by  the  dorsal  verte- 
brae, which  are  usually,  as  before  said,  anchylosed  with  one 
another  to  a  greater  or  less  extent  Laterally,  the  thorax  is 
bounded  by  the  ribs,  which  vary  in  number  from  six  to  ten 
pairs.  In  all  birds,  certain  of  the  ribs  carry  a  peculiar  process 
— the  "uncinate  process" — which  arises  from  its  posterior 
margin,  is  directed  upwards  and  backwards,  and  passes  over 
the  rib  next  in  succession  behind,  where  it  is  bound  down  by 
ligament  (fig.  403,  B).  The  first  and  last  dorsal  ribs  carry 
no  uncinate  processes,  and  in  some  cases  the  processes  con- 
tinue throughout  life  as  sepajrate  pieces.  Anteriorly,  the  ribs 
articulate  at  an  obtuse  angle  with  a  series  of  straight  bones, 
the  "  sternal  ribs,"  which  are  in  turn  movably  articulated  to 
the  sternum  in  front,  and  "are  the  centres  upon  which  the 
respiratory  movements  hinge  "  (Owen).  In  front,  the  thoracic 
cavity  is  completed  by  an  enormously-expanded  sternum  or 
breast-bone,  which  in  some  birds  of  great  powers  of  flight 
extends  over  the  abdominal  cavity  as  well,  in  some  cases  even 
nearly  reaching  the  pelvis.  The  sternum  of  all  the  Carinate 
Birds  is  characterised  by  the  presence  of  a  greatly-developed 
median  ridge  or  keel  (fig.  403,  A),  to  which  are  attached  the 
great  muscles  which  move  the  wings.  As  a  general  rule,  the 
size  of  this  sternal  crest  allows  a  very  tolerable  estimate  to  be 
formed  of  the  flying  powers  of  the  bird  to  which  it  may  have 
belonged;  and  in  Strigops  and  some  other  cases  it  is  very 
much  reduced  in  size.  In  the  Ratite  Birds,  again,  the  sternum 
is  rounded  and  has  no  keel.  At  its  anterior  angles  the  sternum 
exhibits  two  pits  for  the  attachment  of  the  coracoid  bones. 

The  pectoral  arch  (figs.  402,  403)  consists  of  a  scapula, 
coracoid,  and  clavicle  on  each  side.  The  scapula  (s)  is  a 
narrow  elongated  bone,  which  is  not  flattened  out  into  a  broad 
plate,  and  carries  no  transverse  ridge  or  spine.  In  front,  the 
scapula  articulates  with  the  upper  end  of  the  coracoid,  the  two 
together  forming  the  articulating  surface  for  the  head  of  the 
humerus.  The  coracoid  bone  on  each  side  is  always  the 
strongest  of  the  bones  forming  the  scapular  arch.  Superiorly 
it  articulates  with  the  clavicle  and  scapula,  and  forms,  part  of 
the  glenoid  cavity  for  the  humerus.  Inferiorly  each  coracoid 
bone  articulates  with  the  upper  angle  of  the  sternum.  The 
position  of  the  coracoids  is  more  or  less  nearly  vertical,  so 
that  they  form  fixed  points  for  the  action  of  the  wings  in 
their  downward  stroke.  The  clavicles  (fig.  403,  A,  c)  are  rarely 
rudimentary  or  absent,  and  are  in  some  few  cases  separate 
bones.  In  the  great  majority  of  birds,  however,  the  clavicles 
are  anchylosed  together  at  their  anterior  extremities,  so  as  to 


Fig.  |03. — Skeleton  of  Eagle,  reduced  in  size.  (After  Milne-Edwards.)  /  Ilium ;  co 
Ploughshare-bone ;  dr  Vertebral  rib ;  sr  Sternal  rib ;  up  Uncinate  process  ;  st 
Sternum ;  /  Femur ;  fi  Fibula ;  ti  Tibia ;  //  Patella ;  tm  Tarso-metatarsus ;  m  Free 
metatarsal  of  the  hadlux ;  >a,  pa  Phalanges  of  the  hallux  and  anterior  toes ;  /u 
Furcula;  c  Coracoid  bone;  s  Scapula;  h  Humerus;  r  Radius;  w  Ulna;  ca 
Carpus ;  me  Metacarpus ;  d  First  phalanx  of  the  index  finger ;  d  Second  phalanx 
of  the  same ;  d'  Midale  finger ;  cT'  Follex. 
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form  a  single  bone,  somewhat  V-shaped,  popularly  known  as 
the  "  merry-thought,"  and  technically  called  the  "  furcula  "  or 
"furculum"  ("  fourchette "  of  the  French).  The  outer  ex- 
tremities of  the  furcula  articulate  with  the  coracoid ;  and  the 
anchylosed  angle  is  commonly  united  by  ligament  or  by  bone 
to  the  top  of  the  sternal  keel.  The  function  of  the  clavicular 
or  furcular  arch  is  "  to  oppose  the  forces  which  tend  to  press 
the  humeri  inwards  towards  the  mesial  plane,  during  the 
downward  stroke  of  the  wing"  (Owen).  Consequently  the 
clavicles  are  stronger,  and  their  angle  of  union  is  more  open, 
in  proportion  to  the  powers  of  flight  possessed  by  each  bird. 
The  clavicles  remain  distinct  in  the  Emeu,  some  Parrots,  and 
some  Owls ;  and  they  are  absent  in  the  Apieryx  and  some  of 
the  Parrots. 

We  have  next  to  consider  the  structure  of  the  bones  which 
compose  the  fore-limb  or  **wing"  of  the  bird;  and  as  this 
organ  is  the  one  which  chiefly  conditions  the  peculiar  life  of 
the  bird,  it  is  in  it  that  we  find  some  of  the  most  characteristic 
points  of  structure  in  the  whole  skeleton.  Though  consider- 
ably modified  to  suit  its  function  as  an  organ  of  aerial  progres- 
sion, the  wing  of  the  bird  is  readily  seen  to  be  homologous 
with  the  arm  of  a  man  or  the  fore-limb  of  a  Mammal  (figs.  402 
and  403).  The  upper  arm  (brachium)  is  supported  by  a  single 
bone,  the  humerus  (fig.  403,  //),  which  is  short  and  strong,  and 
articulates  above  with  a  glenoid  cavity,  formed  partly  by  the 
scapula  and  partly  by  the  coracoid.  The  humerus  is  suc- 
ceeded distally  by  the  fore-arm  (antibrachium\  constituted  by 
the  normal  two  bones,  the  radius  and  ulna  (r,  u\  of  which  the 
radius  is  the  smaller  and  more  slender,  and  the  ulna  the  larger 
and  stronger.  The  ulna  and  radius  are  followed  inferiorly 
by  the  bones  of  the  wrist  or  carpus ;  but  these  are  reduced  in 
number  to  two  small  bones,  one  radial  and  one  ulnar,  "so 
wedged  in  between  the  antibrachium  and  metacarpus  as 
to  limit  the  motions  of  the  hand  to  those  of  abduction  and 
adduction  necessary  for  the  folding  up  and  expansion  of  the 
wing;  the  hand  is  thus  fixed  in  a  state  of  pronation;  all 
power  of  flexion,  extension,  or  of  rotation,  is  removed  firom  the 
wrist  joint,  so  that  the  wing  strikes  firmly,  and  with  the  full 
force  of  the  contraction  of  the  depressor  muscles,  upon  the 
resisting  air"  (Owen).  The  two  fi-ee  carpals,  which  alone 
remain,  belong  to  the  proximal  row  of  the  carpus.  In  the 
embryo,  however,  two  distal  carpals  are  present,  but  these 
unite  at  an  early  period  with  the  proximal  ends  of  the  meta- 
carpals. There  are  only  three  persistent  metacarpals,  tlie 
outermost  of  the  normal  five  being  wanting  in  the  adult ;  and 
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the  three  which  remain  are,  in  all  living  birds,  anchylosed  with 
one  another  and  with  the  distal  carpals  to  form  a  single 
bone  (figs.  402,  nie^  403,  m).  This  bone,  however,  appears 
externally  as  if  formed  of  two  metacarpals  united  to  one 
another  at  their  extremities,  but  free  in  their  median  portion. 
The  metacarpal  bone  which  corresponds  to  the  radius  is 
always  the  larger  of  the  two  (as  being  really  composed  of  two 
metacarpals),  and  it  carries  the  digit  which  has  the  greatest 
number  of  phalanges.  This  digit  corresponds  with  the 
"  index  "  finger,  and  it  is  composed  of  two,  or  sometimes  three, 


Fig.   403. — A,  Breast-bone,  shoulder-girdle,   and   fore-limb  of  Penguin  (after  Owen): 

b  Sternum,  with  the  sternal  keel ;  s  s  Scapulae  ;  k  k  Coracoid  ^nes ;  c  Furcula  or 

-    merry-thought,  composed  of  the  united  clavicles ;  k  Humerus ;  u  Ulna;  r  Radius  ; 

/  Thumb ;  m  Metacatpus  ;  >|  /  Phalanges  of  the  fingers ;  q  Carpus.     R,  Ribs  of  the 

Golden  Eagle  :  a  a  Ribs  giving  off  (J>  ^)  uncinate  processes  ;  c  c  Sternal  ribs. 

phalanges  (fig.  403,  /).  At  the  proximal  end  of  this  meta- 
carpal, at  its  outer  side,  there  is  generally  attached  a  single 
phalanx,  constituting  the  so-called  "  thumb "  (fig.  403,  /), 
which  carries  the  "  bastard-wing,"  and  is  sometimes  furnished 
with  a  claw.  The  digit  which  is  attached  to  the  ulnar  meta- 
carpal corresponds  to  the  middle  finger,  and  very  rarely  con- 
sists of  more  than  a  single  phalanx  (fig.  403).  In  the  Apter3rx 
and  the  Cassowary  there  is  only  one  complete  digit  to  the 
hand. 

As  regards  the  structure  of  the  posterior  extremity  or  hind- 
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limb,  the  pieces  which  compose  the  innominate  bones  (namely, 
the  ilium,  ischium,  and  pubes)  are  always  anchylosed  with  one 
another ;  and  the  two  innominate  bones  are  also  always  an- 
chylosed, by  the  medium  of  the  greatly-elongated  ilia,  with  the 
sacral  region  of  the  spine.  In  no  living  bird,  however,  with 
the  single  exception  of  the  Ostrich,  are  the  innominate  bones 
united  in  the  middle  line  in  front  by  a  symphysis  pubis.  The 
stability  of  the  pelvic  arch  necessary  in  animals  which  sup- 
port the  weight  of  the  body  on  the  hind-limbs  alone,  is  amply 
secured  in  all  ordinary  cases  by  the  anchylosis  of  the  ilia  with 
the  sacrum.  The  pelvis  of  birds  is  remarkable  for  the  great 
elongation  of  the  ilia  (fig.  404,  //),  which  extend  almost  as  far 


Fig.  404. — Side  view  of  the  risht  side  of  the  pelvis  of  an  adult  Fowl,  reduced  in  size. 
(After  W.  K.  Parker.)  //Ilium ;  /*  Ischium  ;  Pb  Pubis  ;  dl  Dorso-lumbar  vertebrae ; 
C</ Caudal  vertebrae  ;  Am  Acetabulum,  with  its  perforated  floor. 

behind  the  acetabulum  as  they  do  in  front  of  it.  The  ischium 
and  pubis  extend  backwards,  nearly  parallel  with  the  axis  of 
the  ilium,  the  latter  (fig.  404,  Pb)  being  a  slender  curved  bone, 
and  neither  of  them  uniting  with  the  sacrum.  The  floor  of 
the  articular  cavity  (acetabulum)  into  which  the  head  of  the 
femur  is  received  is  incompletely  ossified,  and  exhibits  a  larger 
or  smaller  perforation  (fig.  404,  Am), 

As  in  the  higher  Vertebrates,  the  lower  limb  (fig.  405,  A) 
consists  of  a  femur,  a  tibia  and  fibula,  a  tarsus,  metatarsus, 
and  phalanges;  but  some  of  these  parts  are  considerably 
obscured  by  anchylosis.  The  femur  or  thigh-bone  (fig.  405, 
A,  /)  is  very  short,  comparatively  speaking.  A  "  patella,"  or 
sesamoid  bone  in  the  tendon  of  the  extensor  muscle  of  the  leg, 
is  developed.  The  chief  bone  of  the  leg  is  the  tibia  (/),  to 
which  a  thin  and  tapering  fibula  (f)  is  anchylosed.  The  upper 
end  of  the  fibula,  however,  articulates  with  the  external  con- 
dyle of  the  femur.     The  ankle-joint  is  placed,  as  in  Reptiles, 
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between  the  proximal  and  distal  portions  of  the  tarsus.  The 
proximal  portion  of  the  tarsus,  representing  apparently  the 
astragalus  and  calcaneum,  becomes  undistinguishably  amal- 
gamated with  the  lower  end  of  the  tibia,  which  latter  bone 
is  therefore  best  spoken  of  as  the  "  tibio-tarsus."  The  distal 
row  of  tarsal  bones  becomes  anchylosed  with  the  second, 
third,  and  fourth  metatarsals  to  constitute  the  most  character- 


.  .  A,  Hind-limb  of  the  Loon  {folymhus  glaciaUs) — after  Owen  :  /  Innominate 
bone  ;  /Thi^h-bone  or  femur  ;  /  Tibia,  with  the  proximal  portion  of  the  tarsus  an- 
chylosed to  Its  lower  end  :  r  Fibula  :  m  Tarso-metatarsus,  consisting  of  the  distal 
portion  of  the  tarsus  anchylosed  with  the  metatarsus ;  p  p  Phalanges  of  the  toes. 
B,  Tail  of  the  Golden  Eagle ;  *  Ploughshare-bone,  carrying  the  great  tail-feathers. 

istic  bone  in  the  leg  of  the  Bird — the  **  tarso-metatarsus  "  (w). 
In  most  of  the  long-legged  birds,  such  as  the  Waders,  the 
disproportionate  length  of  the  leg  is  given  by  an  extraordinary 
elongation  of  the  tarso-metatarsus.  The  lower  end  of  the 
tarso-metatarsus  terminates  in  three  articular  surfaces  for  the 
second,  third,  and  fourth  digits  of  the  foot  (when  these  are 
present).  The  first  metatarsal,  corresponding  with  the  hallux, 
is  not  fused  with  the  tarso-metatarsus,  but  is  generally  present 
as  a  free  bony  spine,  placed  at  the  distal  end  of  the  tarso-meta- 
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tarsus,  and  joined  to  it  by  ligament  Parker  has  shown  that  a 
proximal  rudiment  of  the  first  metatarsal  is  present  as  well  in 
the  embryo. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
the  foot.  In  most  birds  the  foot  consists  of  three  toes  directed 
forwards  arid  one  backwards — four  toes  in  all.  In  no  wild 
bird  are  there  more  than  four  toes,*  but  often  there  are  only 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two.  In 
all  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
the  posterior  thumb  or  hallux  (that  is  to  say,  the  innermost 
digit  of  the  hind-limb)  which  is  directed  backwards;  and  it 
invariably  consists  of  two  phalanges  only,  its  metatarsal,  as 
above  mentioned,  being  incomplete  and  united  as  a  rule  to 
the  tarso-metatarsus  by  ligament  only.  The  most  internal  of 
the  three  anterior  toes  (the  "  index ")  consists  of  three  phal- 
anges ;  the  next  ("  middle ")  has  four  phalanges ;  and  the 
outermost  toe  ("annularis")  is  made  up  of  five  phalanges 
(fig.  405,  A).  This  increase  in  an  arithmetical  ratio  of  the 
phalanges  of  the  toes,  in  proceeding  from  the  inner  to  the 
outer  siiie  of  the  foot,  obtains  in  most  birds,  and  enables  us 
readily  to  detect  which  digit  is  suppressed,  when  the  normal 
four  are  not  all  present.  In  no  bird,  living  or  extinct,  is  the 
fifth  or  outermost  toe  developed.  Variations  of  different  kinds 
exist,  however,  in  the  number  and  disposition  of  the  toes.  In 
many  birds — such  as  the  Parrots — the  outermost  toe  is  turned 
backwards,  so  that  there  are  two  toes  in  front  and  two  behind, 
whilst  in  the  Trogons  the  inner  toe  is  turned  back  with 
the  hallux,  and  the  outermost  toe  is  turned  forwards.  In 
others,  again,  the  outer  toe  is  normally  directed  forwards,  but 
can  be  turned  backwards  at  the  will  of  the  animal.  In  the 
Swifts,  on  the  other  hand,  all  four  toes  are  present,  but  they 
are  all  turned  forwards.  In  many  cases — especially  amongst 
the  Natatorial  birds — the  hallux  is  wholly  wanting,  or  is  rudi- 
mentary. In  the  Emeu,  Cassowary,  Bustards,  and  other 
genera,  the  hallux  is  invariably  absent,  and  the  foot  is  three- 
toed.  In  the  Ostrich  both  the  hallux  and  the  next  toe 
("  index ")  are  wanting,  and  the  foot  consists  simply  of  two 
toes,  these  being  the  third  and  fourth  digits. 

The  digestive  system  of  birds  comprises  the  beak,  tongue, 
gullet,  stomach,  intestines,  and  cloaca.  Teeth  are  invariably 
wanting  in  living  birds,  and  the  jaws  are  encased  in  horn, 

*  In  some  of  the  domestic  breeds  of  the  Fowl  there  is  an  additional 
toe  developed,  making  the  foot  five  -  toed ;  but  the  supemumeraxy  digit 
is  on  the  inner  side  of  the  foot,  and  does  not  represent  the  fifth  or 
little  toe. 
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constituting  the  bill.  In  the  extinct  Odontopteryx  the  os- 
seous substance  of  the  jaws  is  prolonged  into  tooth-like  pro- 
cesses of  two  sizes ;  and  in  the  Odontomithes  of  the  Cretaceous 
period  the  jaws  are  furnished  with  true  teeth  implanted  in 
distinct  sockets.  The  form  of  the  bill  varies  enormously  in 
different  birds,  and  it  is  employed  for  holding  and  tearing  the 
prey,  for  prehensile  purposes,  for  climbing,  and  in  some  birds 
as  an  organ  of  touch.  In  these  last-mentioned  cases  the  bill 
is  more  or  less  soft,  and  is  supplied  with  filaments  of  the  fifth 
nerve.  In  many  birds,  too,  in  which  the  bill  is  not  soft,  the 
base  of  the  upper  mandible  is  covered  by  a  patch  of  naked 
skin,  constituting  what  is  called  the  "cere,"  and  this,  no 
doubt,  serves  also  as  a  tactile  organ. 

The  tongue  of  birds  can  hardly  be  looked  upon  as  an  organ 
of  taste,  since  it  is  generally  cased  in  horn,  like  the  mandibles. 
It  is,  in  fact,  principally  employed  as  an  organ  of  prehension ; 
but  in  some  cases — as  in  the  Parrots — it  is  soft  and  fleshy,  and 
then,  doubtless,  is  to  some  extent  connected  with  the  sense 
of  taste.  It  is  essentially  composed  of  a  prolongation  of  the 
hyoid  bone  (the  glosso-hyal),  which  is  sheathed  in  h^rn,  and 
is  variously  serrated  or  fringed. 

Salivary  glands  are  invariably  present,  but  they  are  rarely  of 
large  size  (they  are  very  large  in  the  Woodpeckers  and  Swifts), 
and  they  have  often  a  very  simple  structure. 

In  accordance  with  the  structure  of  the  neck,  the  gullet  in 
birds  is  usually  of  great  length,  and  it  is  generally  very  dilat- 
able. In  general  the  oesophagus  is  dilated  inferiorly  into  a 
pouch,  which  is  situated  at  the  lower  part  of  the  neck,  just  in 
front  of  the  merry-thought  This  is  known  as  the  "  crop  "  or 
"  ingluvies "  (fig.  406,  in\  and  it  may  either  be  a  mere  dila- 
tation of  the  tube  of  the  gullet,  or  it  may  be  a  single  or  double 
pouch.  The  food  is  detained  in  the  crop  for  a  longer  or 
shorter  time,  according  to  its  nature,  before  it  is  subjected  to 
the  action  of  the  proper  digestive  organs.  The  oesophagus, 
after  leaving  the  crop,  shortly  opens  into  a  second  cavity, 
which  is  known  as  the  "  proven triculus  "  or  "  ventriculus  suc- 
centuriatus  "  (/r).  This  is  the  true  digestive  cavity,  and  its 
mucous  membrane  is  richly  supplied  with  gastric  follicles 
which  secrete  the  gastric  juice.  The  proventriculus,  however, 
corresponds,  not  with  the  whole  stomach  of  the  Mammals, 
but  only  witli  its  cardiac  portion ;  and  it  opens  into  a  second 
muscular  cavity  (gizzard),  which  corresponds  to  the  pyloric  divi- 
sion of  the  Mammalian  stomach.  The  gizzard  (giy  is  situated 
below  the  liver,  and  forms  an  elongated  sac,  having  two  aper- 
tures above,  of  which  one  conducts  into  the  duodenum,  or  com- 


668 


MANUAL  OF  ZOOLOGY. 


mencement  of  the  small  intestine,  whilst  the  other  communicates 
with  the  proventriculus.  The  two  chief  forms  of  gizzard  are 
exhibited  respectively  by  the  Raptorial  Birds,  which  feed  on 
easily-digested  animal  food,  and  those  birds  which,  like  Fowls, 

Pigeons,  and  the  game 
birds  generally,  feed  on 
hardly  -  digested  grains. 
In  the  Birds  of  Prey  the 
gizzard  scarcely  deserves 
the  name,  being,  as  a 
rule,  nothing  more  than 
a  wide  membranous  cav- 
ity with  thin  walls.  In 
the  granivorous  birds, 
whose  hard  food  requires 
crushing,  the  gizzard  is 
enormously  developed ; 
its  lining  coat  is  formed 
of  a  thick,  horny  epithe- 
lium, and  its  walls  are 
extremely  thick  and  mus- 
cular. This  constitutes 
a  grinding  apparatus,  like 
the  stones  of  a  mill ; 
whilst  the  "crop"  or 
oesophageal  dilatation 
may  be  compared  to  the 
"hopper"  of  a  mill,  since 
it  supplies  to  the  gizzard 
"small  successive  quan- 
tities of  food  as  it  is 
wanted"  (Owen).  Sup- 
plementing the  action  of 
the  muscular  walls  of  the 

Fig.  406.— Alimentary  canal  of  a   Fowl,    ce  CEso-  °,  *  ,        ^  , 

phagus;  i» Crop; /r Proventriculus;  ^'Gizzard;  place    01    teeth,    are    the 

d  Duodenum ;  sm  Lower  TOirt  of  small  intes-  email    Qf-nn^c   f\r  n#»Khl<»c 

tine ;  ic  Intestinal  caxa  ;  r  kectum  ;  cl  Cloaca ;  ^mail   StOnCS   Or  peODieS, 

/  Liver ;  gb  Gall  -  bladder ;    /  Pancreas  ;    u  u  which,      aS    '  IS      SO     WCll 

Ureters;  av  Left  oviduct  (the  right  oviduct  is  i,^^,„„     ^^   «,«•»„   r^c   4.u^ 

rudimentary).  known,  SO  many  Of  the 

granivorous  birds  are  in 
the  habit  of  swallowing  with  their  food,  or  at  other  times. 
A  pyloric  valve  may  or  may  not  be  present,  and  is  often 
wanting  in  birds  living  on  grains  or  fruit. 

The  intestinal  canal  extends  from  the  gizzard  to  the  cloaca, 
and  is,  comparatively  speaking,  short.     The  secretions  of  the 
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liver  and  pancreas  are  poured  into  the  small  intestine,  as  in 
Mammals.  A  gall-bladder  is  usually  present,  but  is  sometimes 
wanting  (Parrots,  Pigeons,  &c.).  The  commencement  of  the 
large  intestine  is  generally  provided  with  a  pair  of  "  caeca  "  or 
blind  tubes,  the  length  of  which  varies  a  good  deal  in  different 
birds  (fig.  406,  ic).  They  are  sometimes  wanting  (Parrots, 
&c.),  or  there  may  be  only  one ;  and  their  exact  function  is 
uncertain;  though  they  are  most  probably  connected  partly 
with  digestion  and  partly  with  excretion.  The  large  intestine 
is  always  very  short — seldom  more  than  a  tenth  part  of  the 
length  of  the  body — and  it  terminates  in  the  "  cloaca "  (fig. 
406,  cl).  This  is  a  cavity  which  in  all  birds  receives  the  ter- 
mination of  the  rectum,  the  ducts  of  the  generative  organs, 
and  the  ureters ;  and  serves,  therefore,  for  the  expulsion  of  the 
faeces,  the  generative  products,  and  the  urinary  secretion. 

Respiration  is  eflfected  in  Birds  more  completely  and  actively 
than  in  any  other  class  of  the  Vertebrata,  and  as  the  result  of 
this,  their  average  temperature  is  also  higher.  This  extensive 
development  of  the  respiratory  process  is  conditioned  by  the 
fact  that  air  is  admitted  not  only  into  the  lungs,  but  also  into 
a  greater  or  less  number  of  the  bones,  and  into  a  number  of 
cavities — the  so-called  air-receptacles — which  are  distributed 
through  various  parts  of  the  body,  and  which  are  present  in 
all  birds  except  the  Apteryx,  By  this  extensive  penetration 
of  air  into  various  parts  of  the  body,  the  aeration  of  the  blood 
is  effected  not  only  in  the  lungs,  but  also  over  a  greater  or  less 
extent  of  the  systemic  circulation  as  well ;  and  hence  in  Birds 
this  process  attains  its  highest  perfection.  The  cavities  of  the 
thorax  and  abdomen  are  not  separated  from  one  another  by  a 
complete  partition,  the  diaphragm  being  mostly  only  present 
in  a  rudimentary  form.  The  lungs  are  two  in  number,  of  a 
bright-red  colour,  and  spongy  texture.  They  are  confined  to 
the  back  of  the  thorax,  extending  along  each  side  of  the  spine, 
from  the  second  dorsal  vertebra  to  the  kidney.  They  differ 
from  the  lungs  of  the  Mammals  in  not  being  freely  suspended 
in  a  pleural  membrane.  The  pleura,  on  the  other  hand,  is 
reflected  only  over  the  anterior  surface  of  the  lungs.  The 
bronchi,  or  primary  divisions  of  the  windpipe  (fig.  407), 
diminish  in  size  as  they  pass  through  the  lung,  by  giving  off 
branches,  which  in  turn  give  off  the  true  air-vesicles  of  the 
lung.  When  the  bronchial  tubes  reach  the  surface  of  the  lung, 
they  open,  by  a  series  of  distinct  apertures,  into  a  series  of 
"  air-sacs."  These  are  a  series  of  membranous  sacs  formed  by 
the  continuation  of  the  lining  membrane  of  the  bronchi,  and 
supported  by  reflections  of  the  serous  membrane  of  the  thora- 
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cico-abdominal  cavity.  There  are  nine  proper  air-sacs — two 
abdominal  (the  only  ones  present  in  some  birds,  such  as  the 
Penguin),  two  in  the  hinder  part  of  the  thorax,  two  in  the 
front  part  of  the  thorax,  two  on  the  sides  of  the  neck,  and  one 

between  the  branches  of  the  fur- 
cula.  The  air-cells  not  only 
reduce  the  specific  gravity  of 
birds,  and  thus  fit  them  for  an 
aerial  life,  but  also  assist  in  the 
mechanical  work  of  respiration, 
and  must  also  greatly  promote 
the  aeration  of  the  blood. 

In  connection  with  the  air-re- 
ceptacles, and  as  an  extension  of 
them,  is  a  series  of  cavities  oc- 
cupying the  interior  of  a  greater 
or  less  number  of  the  bones,  and 
also  containing  air.  In  young 
birds  these  air -cavities  do  not 
exist,  and  the  bones  are  filled  with 
marrow,  as  in  the  Mammals.  The 
extent,  also,  to  which  the  bones 
are  "  pneumatic  "  varies  greatly 
in  different  birds.  In  the  Pen- 
guin— which  does  not  fly — all  the 
,       ,^  "  bones  contain  marrow,  and  there 

^?-A°arb;rn?hl'^vrdiS^^^^^^^       are  no  air-cavities.     In  the  Ratite 

ondary  branches  as  it  enters  the  lung,  fiirds    (Ostrich,  &C.)  the   pueuma- 
thesegivingotf  smaller  branches,  the  .    .         V     i        t_              •                 »       i- 
openines  of  which  arc  seen  on  the  tlClty  01    the  bOUeS  IS  greatly  dim- 
back  of  the  bronchial  tubes  ;  ^^  Bris-  inicKpH      ai"r     hpir^cr     nAmittf^A     fn 

lies  passed  from  the  bronchi  through  i^^isneo,   air    oeiHg   aomutea   to 

the  apertures  on  the  surface  of  the    SOmC    of   the    Cranial    bonCS,    and 
lung  by  which  the  bronchi  communi-    •       ^^„^^„i    4.^    ^u^   r^.n»,«*    U.,«.    «.u« 

cate  with  the  airrcceptacies.  m  general  to  the  icmur,  but  the 

majority  of  the  bones  being  filled 
with  marrow.  On  the  other  hand,  in  some  cases  (Pelican, 
Gannet,  Hombill,  &c.)  almost  all  the  bones  of  the  skele- 
ton are  pneumatic,  even  the  very  phalanges  of  the  toes  in 
some  cases  having  the  air  admitted  to  their  interior.  The 
functions  discharged  by  the  air-cavities  of  the  bones  appear 
to  be  much  the  same  as  those  of  the  air-receptacles — namely, 
that  of  diminishing  the  specific  gravity  of  the  body  and  sub- 
serving the  aeration  of  the  blood. 

The  Aear^  in  all  Birds  is  four-chambered,  the  right  and  left 
sides  of  the  heart  being  completely  separated  from  one  an- 
other, and  no  direct  communication  taking  place  between  the 
systemic  and  pulmonary  circulations.     The  venous  blood  is 
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returned  from  the  body  to  the  right  auricle  by  two  superior 
venae  cavae  (as  in  Reptiles)  and  a  single  inferior  vena  cava. 
The  right  auriculo-ventricular  opening  is  protected  by  a  strong 
muscular  valve,  and  the  right  ventricle  is  thin-walled,  and 
wraps  partially  round  the  left  ventricle.  The  right  ventricle 
propels  the  venous  blood  to  the  lungs  through  the  pulmonary 
artery,  the  base  of  which  is  furnished  with  semilunar  valves. 
After  aeration,  the  blood  is  returned  to  the  left  auricle  by  the 
pulmonary  veins,  and  then  is  driven  into  the  thick-walled  left 
ventricle.  From  this  arises  the  systemic  aorta,  which  turns 
over  the  right  bronchus,  the  left  aorta  not  being  developed. 
The  aorta  divides  almost  immediately  above  its  origin  into 
the  right  and  left  innominate  arteries,  and  is  continued  below 
the  spine  as  the  dorsal  aorta. 

In  accordance  with  their  extended  respiration  and  high 
muscular  activity,  the  complete  separation  of  the  greater  and 
lesser  circulations,  and  the  perfect  structure  of  the  heart,  Birds 
maintain  a  higher  average  temperature  than  is  the  case  with 
any  other  class  of  the  Vertebrata,  This  result  is  also  to  a 
considerable  extent  conditioned  by  the  non-conducting  nature 
of  the  combined  down  and  feathers  which  form  the  integu- 
mentary covering  of  Birds. 

The  elongated,  generally  three-lobed  kidneys  lie  in  the  hol- 
lows on  either  side  of  the  front  of  the  "sacrum."  The  ureters 
open,  along  with  the  ducts  of  the  generative  glands,  into  a  kind 
of  pouch  (urogenital  chamber)  of  the  dorsal  wall  of  the  cloaca. 
The  urine  is  semi-solid,  containing  a  large  anaount  of  urates. 

As  regards  the  reproductive  organs,  the  males  have  two  testes 
placed  above  the  upper  extremities  of  the  kidneys,  and  their 
efferent  ducts  (pasa  defereniia)  open  into  the  cloaca  alongside 
of  the  ureters.  A  male  organ  {penis)  may  or  may  not  be 
present,  but  there  is  no  perfect  urethra.  The  female  bird  is 
provided  with  only  one  ovary  and  oviduct — that  of  the  left 
side — the  corresponding  organs  of  the  right  side  being  rudi- 
mentary or  absent  The  oviduct  is  very  long  and  tortuous, 
and  the  egg,  during  its  passage  through  it,  receives  the  albu- 
minous covering  which  serves  for  the  nutrition  of  the  embryo, 
and  which  is  known  as  the  "  white "  of  the  egg.  The  lower 
portion  of  the  oviduct  is  dilated,  and  the  egg  receives  here  the 
calcareous  covering  which  constitutes  the  "shell."  Finally, 
the  oviduct  debouches  into  the  cloaca,  into  which  the  tgg, 
when  ready,  is  expelled.  The  further  development  of  the 
chick  is  commonly  secured  by  the  process  of  "incubation" 
or  brooding,  for  which  birds  are  peculiarly  adapted,  in  conse- 
quence of  the  high  temperature  of  their  bodies. 
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The  ovum  of  Birds  is  of  relatively  very  large  size,  and  not 
only  is  impregnation  internal,  but  segmentation  of  the  yolk  is 
completed  before  the  egg  is  laid.  When  development  has 
proceeded  so  far  that  external  life  is  possible,  the  chick  makes 
an  aperture  in  the  shell  by  which  it  escapes,  the  tip  of  the 
upper  mandible  being  provided  for  this  purpose  with  a  tem- 
porary calcareous  knob,  which  subsequently  disappears.  The 
state  of  the  young  upon  exclusion  from  the  egg  is  very  dif- 
ferent in  different  cases.  In  some  groups  of  Birds  (Av^s 
prcscoces)  the  young  bird  is  covered  with  down,  and  is  able  to 
run  about  and  help  itself  from  the  moment  of  its  liberation 
from  the  egg.  In  other  cases,  again  {Aves  altrices\  the  young 
are  born  in  a  naked  and  helpless  state,  and  require  to  be 
brooded  over  and  fed  by  the  parents  for  a  longer  or  shorter 
time  after  exclusion  from  the  egg.  There  are,  however,  cases 
(e,g,y  the  Herons)  in  which  the  young  are  covered  with  down 
when  born,  but  are  nevertheless  quite  helpless  for  some  time 
after  hatching. 

The  brain  of  Birds  is  relatively  larger  than  that  of  Reptiles, 
especially  as  regards  the  size  of  the  cerebrum.  The  cerebral 
hemispheres  do  not  extend  backwards  over  the  cerebellum, 
but  they  cover  the  mid-brain.  The  surface  of  the  hemispheres 
is  devoid  of 'convolutions,  and  the  corpus  callosum  is  not  de- 
veloped. The  optic  lobes  are  of  large  size,  and  are  laterally 
displaced.  The  cerebellum  is  not  so  highly  developed  as  in 
Mammals,  there  being  no  pons  Varolii,  but  rudimentary 
lateral  lobes  (flocculi)  are  present. 

As  regards  the  organs  of  the  senses^  the  eyes  are  always  well 
developed,  and  in  no  bird  are  they  ever  rudimentary  or  absent. 
The  chief  peculiarity  of  the  eye  (fig.  408)  is  that  the  cornea 
forms  a  segment  of  a  much  smaller  sphere  than  does  the  eye- 
ball proper,  so  that  the  anterior  part  of  the  eye  is  obtusely 
conical,  whilst  the  posterior  portion  is  spheroidal.  Another 
peculiarity  is  that  the  form  of  the  eye  is  maintained  by  a  ring 
of  from  thirteen  to  twenty  bony  plates,  which  are  placed  in 
the  anterior  portion  of  the  sclerotic  coat  The  structure 
known  as  the  "pecten"  (fig.  408,  t)  is  a  peculiar  vascular  fold 
of  the  choroid  which  projects  into  the  eyeball  from  its  hinder 
wall,  and  which  is  folded  longitudinally  like  a  fan.  It  is  very 
rarely  wanting  {Apteryx),  but  its  use  is  not  known.  Besides 
the  upper  and  lower  eyelids.  Birds  possess  the  "  third  eyelid  " 
or  "  membrana  nictitans."  This  is  a  membranous  fold,  some- 
times pearly-white,  sometimes  more  or  less  transparent,  which 
is  placed  internal  to  the  proper  eyelids  on  the  inner  side  of 
the  eye,  over  the  anterior  surface  of  which  it  can  be  drawn 
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Fig .^  408. — Section  of  the  eye  of  a 
Bird  (after  Macgillivray).  aa 
Sclerotic ;  bb  Choroid  ;  c  Cihary 
muscle:  «f  Lens;  ee  Iri«;y Cor- 
nea ;  g  Optic  nerve ;  /  Pccten. 


like  a  curtain,  moderating  a  too  great  intensity  of  light.  As 
to  the  organ  of  hearing,  most  birds  possess  no  external  ear  or 
"  auricle,*'  by  which  sounds  can  be  collected  and  transmitted 
to  the  internal  ear.  In  some  birds,  however,  as  in  the  Ostrich 
and  Bustard,  the  external  meatus 
auditorius  is  surrounded  by  a  circle 
of  feathers,  which  can  be  raised 
and  depressed  at  will.  The  Owls, 
also,  have  the  external  meatus  au- 
ditorius protected  by  a  musculo- 
membranous  valve,  which  foreshad- 
ows the  external  ear  of  the  major- 
ity of  Mammals.  The  external 
nostrils  in  Birds  are  usually  placed 
on  the  sides  of  the  upper  mandible, 
near  its  base,  in  the  form  of  simple 
perforations,  which  sometimes  com- 
municate from  side  to  side  by  the 
deficiency  of  the  septum  narium. 
In  the  singular  Apteryx  of  New  Zealand,  the  nostrils  are 
placed  at  the  extreme  end  or  tip  of  the  elongated  upper 
mandible.  Sometimes  the  nostrils  are  defended  by  bris- 
tles, and  sometimes  by  a  scale  {Gallince).  Taste  must  be 
absent,  or  almost  absent,  in  the  great  majority  of  birds,  the 
tongue  being  nothing  more  than  a  horny  sheath  surrounding 
a  process  of  the  hyoid  bone,  and  serving  for  deglutition  or  to 
seize  the  prey.  In  the  Parrots,  however,  the  tongue  is  thick 
and  fleshy,  and  some  perception  of  taste  may  be  present. 
Touch  or  tactile  sensibility,  too,  as  already  remarked,  is  very 
poorly  developed  in  Birds.  The  body  is  entirely,  or  almost 
entirely,  covered  with  feathers;  the  anterior  limbs  are  con- 
verted into  wings,  and  rendered  thereby  useless  as  organs  of 
touch ;  and  the  posterior  limbs  are  covered  with  homy  scales 
or  feathers.  The  bill,  certainly,  officiates  as  an  organ  of 
touch,  but  it  cannot  possess  any  acute  sensibility,  as  in  most 
birds  it  is  encased  in  a  rigid  homy  sheath.  In  some  birds, 
however,  such  as  the  common  Duck,  the  texture  of  the  bill  is 
moderately  soft,  and  it  is  richly  supplied  with  filaments  of  the 
fifth  nerve;  so  that  in  these  cases  the  bill  doubtless  consti- 
tutes a  tolerably  efficient  tactile  organ.  The  "  cere,"  too,  or 
the  fleshy  scale  found  at  the  base  of  the  bill  in  some  birds,  is 
in  all  probability  also  used  as  a  tactile  organ. 

The  last  anatomical  peculiarity  of  Birds  which  requires 
notice  is  the  peculiar  apparatus  known  as  the  "  inferior  larynx," 
or  "  syrinx,"  by  which  the  song  of  the  singing  birds  is  con- 
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ditioned.  "  The  air-passages  of  birds  commence  by  a  simple 
superior  larynx^  from  which  a  long  trachea  extends  to  the  an- 
terior aperture  of  the  thorax,  where  it  divides  into  the  two 
bronchi^  one  for  each  lung.  At  the  place  of  its  division,  there 
exists  in  most  birds  a  complicated  mechanism  of  bones  and 
cartilages,  moved  by  appropriate  muscles,  and  constituting  the 
true  organ  of  voice ;  this  part  is  termed  the  inferior  larynx " 
(Owen).  The  inferior  larynx  may  be  developed  from  the 
trachea  only,  before  the  division  of  this  tube  into  the  bronchi ; 
or  it  may  be  developed  wholly  from  the  bronchi ;  or,  lastly, 
and  more  commonly,  it  may  be  developed  at  the  junction  of 
the  trachea  and  bronchi  and  out  of  both.  The  structure  of 
the  vocal  apparatus  is  complicated,  and  there  is  no  necessity 
for  entering  upon  it  here.  It  is  to  be  remembered,  however, 
that  those  modifications  of  the  voice  which  constitute  the 
song  of  birds,  are  produced  in  a  special  and  complex  cavity 
placed  at  or  near  the  point  where  the  trachea  divides  into  the 
two  bronchi,  and  not  in  a  true  larynx  situated  at  the  summit 
of  the  windpipe.  The  syrinx  is  wanting  in  a  few  birds  (e,g,^ 
the  Ratita),  Lastly,  the  trachea  of  birds  is  always  of  con- 
siderable proportionate  length,  and  it  is  often  twisted  or  dilated 
at  intervals,  this  structure,  doubtless,  having  something  to  do 
with  the  production  of  vocal  sounds. 

Before  passing  on  to  the  consideration  of  the  divisions  of 
Birds,  a  few  words  may  be  said  as  to  the  migration  of  birds. 
In  temperate  and  cold  climates  comparatively  few  birds  remain 
constantly  in  the  same  region  in  which  they  were  hatched. 
Those  which  do  so  remain  are  called  "  permanent  birds  "  (aves 
manentes).  Other  birds,  such  as  the  Woodpeckers,  wander 
about  from  place  to  place,  without  having  any  fixed  direction. 
These  are  called  "wandering  birds"  {aves  erratica)^  and  their 
irregular  movements  are  chiefly  conditioned  by  the  scarcity 
or  abundance  of  food  in  any  particular  locality.  Other  birds, 
however,  at  certain  seasons  of  the  year  undertake  long  jour- 
neys, usually  uniting  for  this  purpose  into  large  flocks.  These 
birds — such  as  the  Swallows,  for  instance — are  properly  called 
"migratory  birds"  {aves  migratorice).  The  movements  of 
these  birds  are  conditioned  partly  by  the  necessity  that  the 
adult  has  of  finding  a  region  which  has  a  certain  mean  tem- 
perature, and  partly  because  a  region  which  might  be  suffi- 
ciently suitable  for  the  adult  might  be  either  too  hot  or  too 
cold  to  permit  of  the  young  being  brought  up  there.  Such 
birds,  therefore,  either  migrate  from  cold  regions  to  warmer 
latitudes  on  the  approach  of  winter,  or,  when  summer  is  com- 
ing on,  they  migrate  to  regions  where  the  temperature  is  lower. 
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As  regards  their  distribution  in  time^  Birds,  from  their  aerial 
mode  of  life,  are  not  so  liable  to  be  preserved  in  the  fossil 
condition  as  are  animals  which  are  essentially  aquatic.  For 
this  reason,  among  others,  our  knowledge  of  the  past  history 
of  the  Birds  is  exceedingly  imperfect.  No  remains  of  Birds 
have  hitherto  been  found  in  the  Palaeozoic  rocks.  The  earliest 
undoubted  fossil  bird  is  the  singular  and  aberrant  Archaofteryx, 
the  only  discovered  remains  of  which  (two  specimens)  have 
been  found  in  the  Jurassic  rocks.  Towards  the  close  of  the 
Mesozoic  period,  in  the  Cretaceous  period,  Birds  not  strikingly 
different  from  existing  types  make  their  appearance,  and  along 
with  these  we  meet  with  the  remains  of  the  extraordinary 
"  Toothed  Birds,"  which  constitute  the  division  of  the  Odontor- 
nithes.  The  characters  of  these  will  be  briefly  spoken  of  later 
on.  Lastly,  by  the  time  we  reach  the  middle  of  the  Tertiary 
period,  almost  all  great  existing  groups  of  Birds  are  represented 
by  fossil  types.  Some  of  the  Tertiary  Birds,  however,  differ 
widely  from  any  forms  now  in  existence. 


CHAPTER    LX. 

DIVISIONS    OF  BIRDS. 

General  Classification.    Saurornithes,  Odontornithes, 

AND  RATITiE. 

Owing  to  the  extreme  compactness  and  homogeneity  of  the 
entire  class  Aves,  conditioned  mainly  by  their  adaptation  to 
an  aerial  mode  of  life,  the  subject  of  their  classification  has 
been  one  of  the  greatest  difficulties  of  the  systematic  zoologist. 
Even  as  regards  the  primary  subdivisions,  or  sub-classes,  of 
Aves^  ornithologists  are  not  in  absolute  agreement,  the  sub- 
division of  the  Odontornithes  being  rejected  by  so  high  an 
authority  as  Prof.  Newton.  With  regard  to  the  smaller  divi- 
sions, or  orders,  of  Birds,  specialists  have  not  at  present  agreed 
upon  the  acceptance  of  any  one  system  in  preference  to  others. 
Most  modem  ornithologists  have  abandoned  the  old  orders  of 
Birds  as  established  in  the  systems  of  Linnaeus,  Cuvier,  lUiger, 
and  others,  the  essential  basis  of  which  is  found  in  the  adap- 
tation of  particular  groups  of  Birds  to  particular  modes  of  life. 
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and  which,  artificial  as  in  many  respects  they  undoubtedly 
are,  have  the  merit  of  great  simplicity.  Of  the  more  modem 
systems,  some,  like  the  classifications  of  Prof.  Huxley  and 
Prof.  Garrod,  are  essentially  anatomical,  and  are  based  upon 
the  observed  modifications  in  different  groups  of  the  structure 
of  some  particular  organ  or  group  of  organs.  Thus,  the  sys- 
tem of  Prof.  Huxley  is  based  essentially  upon  the  structure  of 
the  bony  palate  \  while  that  proposed  by  Prof.  Garrod  has  as 
its  starting-point  the  arrangement  of  the  muscles  of  the  hind- 
limb.  Other  modem  systems  are  more  natural,  in  so  far  as 
they  have  reference  to  the  entire  organisation  of  the  animals 
classified,  and  are  not  based  merely  upon  modifications  of 
some  one  organ  or  group  of  organs ;  but  it  is  only  in  their 
broad  outlines  that  such  classifications  agree  among  them- 
selves, and  as  regards  minor  subdivisions  and  nomenclature, 
there  is  still  great  diversity  of  opinion  and  practice  among 
high  ornithological  authorities.  In  the  absence  of  any  univer- 
sally accepted  classification,  the  following  arrangement  of  the 
subdivisions  of  Aves  will  probably  be  found  to  be  sufficient  for 
the  purposes  of  the  ordinary  student : — 

Sub-class  I.  Saurornithes.— Jaws  toothed ;  metacarpal  bones  not 
anchylosed  ;  tail  of  numerous  separate  vertebrae,  without  a  '  *  ploughshare- 
bone."    (Extinct.) 

Order  i.  Saururce, — Archaopteryx, 
Sub-class  II.  Odontornithes.— Jaws  toothed  ;  metacarpals  wanting, 
or  united  ;  tail  not  long  and  lizard-like.     (Extinct. ) 
Order  i.   Odontolca.-^Hesperomis, 
Order  2.   Odotttatorma.  — Ichthyornis, 
SuB-CLASS  III.    Ratit^ — Jaws  without  teeth ;  metacarpals  (when 
present)  united ;  tail  short ;  sternum  raft-like,  without  a  keel ;  feathers 
lax,  the  barbules  being  destitute  of  hooks. 

Order  i.  Struthiones, — Ostrich,  Rhea,  Cassowary,  Emeu. 
Order  2,  Apteryges. — Apteryx, 
Sub-class  IV.  Carinat^— Jaws  without  teeth;  metacarpals  united ; 
sternum  with  a  more  or  less  prominent  keel  or  ''carina";  wing-feathers 
firm,  the  barbules  being  hooked. 
Order  i.  Crypturi, — Tinamou. 
.     Order  2.  Impennes, — Penguins. 

Order  3.  Pygopodes. — Guillemots,  Auks,  Grebes,  Divers. 
Order  4.  Gavia, — Gulls,  Petrels. 

Order  5.   Steganopodes.  —  Frigate  -  birds.    Pelicans,    Ganncts,    Cor- 
morants. 
Order  6.   Ckenomorpha, — Screamers,  Ducks,  Geese,  Swans,  Flamin- 
goes. 
Order  7.  Herodii. — Herons,  Storks,  Spoonbills. 
Order  8.   Gralia. — Rails,  Snipe,  Plovers,  Bustards,  Cranes. 
Order  9.  Ga/Una.— Grouse,  Partridges,   Pheasants,   Fowls,  Mound- 
birds,  Curassows,  Sand-grouse,  Bush-quails. 
Order  10.   Columba, — Pigeons,  Ground-pigeons,  Didunculus,  Dodo. 
Order  11.  Passeres, — Thrushes,  Finches,  Swallows,  Starlings,  &c. 
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Order  12.  Picaria. — Cuckoos,  Kingfishers,  Bee-eaters,  Hoopoe,  Tou- 
cans, Woodpeckers,  Trogons,  Swifts,  Humming-birds. 

Order  13.  Psittaci.—Y9sxo\&  and  their  allies. 

Order  14.  Raptor es. — Owls,  Falcons,  American  Vultures,  Secretary 
Vultures. 

SAURORNITHES. 

Sub-class  I.  Saurornithes. — This  sub-class  includes  the 
single  order  Saurura^  comprising  only  the  singular  extinct 
genus  ArchceopteryXy  and  is  characterised  by  the  fact  that  the 
tail  consists  of  numerous  free  vertebrae,  each  carrying  a  pair 
of  quill-feathers,  while  the  metacarpal  bones  are  not  anchy- 
losed  with  one  another,  and  the  jaws  are  provided  with  teeth. 

Order  SAURURiE. — This  being  the  only  order  included  in 
this  sub-class,  its  characters  are  necessarily  the  same  as  those 
of  the  sub-class.  The  genus  Archceopteryx  comprises,  so  far 
as  at  present  known,  only  a  single  species,  namely,  the  remark- 
able Archaopteryx  macrura  of  the  Lithographic  Slates  (Juras- 
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Fig.  ^o9.—Arcfuto^tetyx  macrura,  being  a  reduced  representation  of  the  British 
Museum  specimen. 

sic)  of  Solenhofen,  of  which  three  specimens  (one  consisting 
of  a  feather  only)  have  hitherto  been  brought  to  light.  In 
this  exceeding  abnormal  and  very  ancient  type  of  the  Birds 
(fig.  409),  the  tail  consists  of  twenty  elongated  and  free  verte- 
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brae,  each  of  which  carried  a  pair  of  quill-feathers.  The  tail 
was  thus  like  that  of  a  Lizard,  save  for  its  feathers,  and  there 
was  no  ploughshare-bone.  The  jaws  carried  conical  teeth, 
though  it  is  not  certain  how  many  of  these  were  present,  or 
whether  the  teeth  were  in  sockets  or  in  a  groove.  The  gen- 
eral structure  of  the  fore-limb  was  like  that  of  Birds  generally, 
but  there  were  the  special  peculiarities  that  the  metacarpal 
bones  were  not  anchylosed  with  one  another,  and  that  all  the 
three  digits  of  the  manus  carried  claws.  That  Archaopteryx 
possessed  the  power  of  flight  is  shown  by  the  fact  that  the 
wings  were  furnished  with  well-developed  quill-feathers.  The 
three  bones  composing  the  pelvic  arch  on  each  side  appear  to 
have  been  separate,  and  the  metatarsal  bones  were  also  separ- 
ate or  imperfectly  united.  According  to  Marsh,  the  vertebrae 
are  also  biconcave.  The  foot  M'as  four-toed,  the  hallux  being 
turned  backwards.  Archaopteryx  macrura  seems  to  have  been 
about  as  big  as  a  pigeon,  and  its  structural  characters  are  of 
special  interest  from  the  many  points  in  which  they  show  an 
approach  to  those  of  the  Deinosaurian  Reptileg. 

Odontornithes. 

Sub-class  II.  Odontornithes. — This  division  includes  cer- 
tain remarkable  extinct  types,  of  Cretaceous  age,  and  is  char- 
acterised by  the  possession  of  conical  teeth  in  the  jaws,  the 
tail  being  short  and  bird -like,  and  the  metacarpals  either 
absent  (Hesperornis)  or  anchylosed  {Ic/iihyofytis),  The  two 
principal  types  comprised  in  this  sub -class  differ  so  widely 
from  each  other  and  from  all  existing  Birds,  that  Professor 
Marsh  has  founded  the  following  two  orders  for  their  re- 
ception : — 

Order  I.  ODONTOLCiE. — This  order  is  characterised  by  the 
fact  that  the  teeth  are  sunk  in  a  groove,  the  vertebral  centra 
are  saddle-shaped,  and  the  sternum  has  no  keel.  It  includes 
only  the  extraordinary  Hesperornis  regalis^  from  the  Creta- 
ceous rocks  of  North  America.  In  this  wonderful  fossil  we 
have  a  gigantic  diving -bird  somewhat  resembling  the  true 
"Divers"  or  "Loons"  {Colymbus\  but  having  the  jaws  fur- 
nished with  numerous  conical  recurved  teetk^  sunk  in  a  deep 
continuous  groove  (fig.  410). 

The  front  of  the  upper  jaw  does  not  carry  teeth,  and  was 
probably  encased  in  a  homy  beak.  The  breast-bone  is  en- 
tirely destitute  of  a  central  ridge  or  keel,  and  the  wings  are 
minute  and  quite  rudimentary;  so  that  Hesperornis^  unlike 
Ichthyomis,  must  have  been  wholly  deprived  of  the  power  of 
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flight,  in  this  respect  approaching  the  existing  Penguins.  The 
metacarpal  bones  are  wanting.  The  tail  consists  of  about 
twelve  vertebrae,  of  which  the  last  three  or  four  are  amalgam- 
ated to  form  a  flat  terminal  mass,  there  being  at  the  same 
time  clear  indications  that  the  tail  was  capable  of  up  and 
down  movement  in  a  vertical  plane,  this  probably  fitting  it  to 
serve  as  a  swimming-paddle  or  rudder.     The  vertebrae  of  the 


Fig.  410. — Skeleton  oK  Hesperomix  regality  restored.    (After  Marsh.)    About 
one-tenth  of  the  natural  size. 

cervical  and  dorsal  regions  are  of  the  ordinary  ornithic  type. 
The  legs  were  powerfully  constructed,  and  the  feet  were 
adapted  to  assist  the  bird  in  rapid  motion  through  the  water. 
The  known  remains  of  Hesperarnis  regalis  prove  it  to  have 
been  a  swimming  and  diving  Bird,  of  larger  dimensions  than 
any  of  the  aquatic  members  of  the  class  of  Birds  with  which 
we  are  acquainted  at  the  present  day.      It  appears  to  have 
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stood  between  five  and  six  feet  high,  and  its  inability  to  fly 
is  fully  compensated  for  by  the  numerous  adaptations  of  its 
structure  to  a  watery  life.  Its  teeth  prove  it  to  have  been  car- 
nivorous in  its  habits,  and  it  probably  lived  upon  fishes. 

Order  II.  ODONTOTORMiE. — This  order  is  characterised 
by  the  fact  that  the  teeth  are  sunk  in  separate  sockets  in  the 
jaw,  the  vertebral  centra  are  biconcave,  and  the  sternum  is 
carinate,  the  wings  being  well  developed.  This  order  was 
founded  by  Marsh  for  the  reception  of  two  remarkable  birds 
— viz.,  Ichthyornis  dispar  and  Apatornis  celer^  both  from  the 
Cretaceous  rocks  of  North  America.  The  skull  of  the  latter 
not  being  known,  the  former  may  be  taken  as  the  type  of  the 
order. 

The  teeth  in  Ichthyornis  dispar  were  sunk  in  distinct  sockets, 
and  were  "  small,  compressed,  and  pointed,  and  all  of  those 
preserved  are  similar.  Those  in  the  lower  jaw  number  about 
twenty  in  each  ramus,  and  are  all  more  or  less  inclined  back- 
wards. .  .  .  The  maxillary  teeth  appear  to  have  been 
equally  numerous,  and  essentially  the  same  as  those  in  the 
mandible.  The  skull  was  of  moderate  size,  and  the  eyes 
placed  well  forward.     The  lower  jaws  are  long  and  slender, 

and  the  rami  were  not  closely  united  at  the  symphysis 

The  jaws  were  apparently  not  encased  in  a  homy  sheath. 

"  The  scapular  arch,  and  the  bones  of  the  wings  and  legs, 
all  conform  closely  to  the  true  ornithic  type.  The  wings  were 
large  in  proportion  to  the  legs,  and  the  humerus  had  an 
extended  radial  crest.  The  metacarpals  were  united,  as  in 
ordinary  birds.  The  bones  of  the  posterior  extremities  resem- 
ble those  of  swimming  birds.  The  vertebrae  were  all  bicon- 
cave, the  concavities  at  each  end  of  the  centra  being  distinct 
and  nearly  alike.  Whether  the  tail  was  elongated  cannot  at 
present  be  determined ;  but  the  last  vertebra  of  the  sacrum 
was  unusually  large. 

''  The  bird  was  fully  adult,  and  about  as  large  as  a  pigeon. 
With  the  exception  of  the  skull,  the  bones  do  not  appear  to 
have  been  pneumatic,  though  most  of  them  are  hollow.  The 
species  was  carnivorous,  and  probably  aquatic." — (Marsh.) 

RATITiE. 

Sub-class  III.  RAXiXiE. — This  sub-class  comprises  the  birds 
which  have  been  commonly  spoken  of  under  the  name  of 
Cursoresy  such  as  the  Ostrich,  Cassowary,  Emeu,  &c.  The 
distinguishing  characters  of  the  sub-class  are  that  the  sternum 
(fig.  411)  is  rounded  or  raft-like,  and  destitute  of  a  keel  (hence 
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the  name  RatitcR^  from  the  Latin  rates^  a  raft).  There  is  no 
power  of  flight,  and  the  clavicles  are  rudimentary  or  absent. 
The  barbs  of  the  feathers  are  disunited,  the  barbules  being 
without  hooks. 

The  Ratita  include  a  small  number  of  non-flying  birds, 
mostly  of  large  size,  confined,  with  the  exception  of  the 
Ostrich,  to  regions  south  of  the  equator.  There  are  five  liv- 
ing and  a  number  of  extinct  genera;  but  ornithologists  are 
not  agreed  as  to  the  number  of  orders  represented  by  the 
comparatively  small  number  of  known  types.  The  earliest 
known  remains  of  Ratite  Birds  have  been  found  in  the  Eocene 
Tertiary  deposits  {Dasomts),  The  principal  types  of  the 
Ratitce  may  be  considered  under  the  following  heads: — 

Order  I.  Struthiones. — The  members  of  this  order  are 
Ratite  birds  in  which  the  foot  is  three-toed  or  two-toed,  and 


Fig.  411.— Morphology  of  Ratite  Birds.  A,  Sternum  of  the  OsX.r\c\i{Strutkio  cameitts): 
s  Scapula ;  c  Coracoid.  B,  Side  view  of  the  pelvis  of  the  Ostrich  :  i  Ilium ;  / 
Pubis  ;  is  Ischium ;  y  Femur.  C,  Foot  of  Apteryx  australis.  D,  Tarso-metatarsus 
of  the  Apteryx f  showing  the  hallux  placed  high  up  on  its  posterior  surface.  £,  Foot 
of  the  Rkta  ameriea9uu 

the  hallux  is  absent.      The  order  includes  the  following 
groups : — 

I.  Struthionida, — This  group  is  represented  only  by  the  African  Ostrich, 
in  which  the  foot  is  two-toed,  the  humerus  is  long,  the  hand  has  two  digits, 
and  the  pubes  unite  (as  in  no  other  living  Bird)  to  form  a  ventral  sym- 
physis. 

The  African  Ostrich  {Struthio  cameltis)  occurs  in  the  desert  plains  of 
Africa  and  Arabia,  and  is  the  largest  of  all  living  birds,  attaining  a  height 
of  from  six  to  eight  feet.  The  South  African  Ostrich  is  often  considered 
as  a  distinct  species,  under  the  name  of  S,  australis.    The  head  and  neck 
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are  nearly  naked,  and  the  quill-feathers  of  the  wings  and  tail  have  their 
barbs  wholly  disconnected,  constituting  the  ostrich-plumes  of  commerce. 
The  feathers  have  no  "  after-shafts."  The  le^  are  extremely  strong,  and 
are  terminated  by  two  toes  only,  these  consisting  resi>ectively  of  four  and 
five  phalanges,  showing  that  it  is  the  hallux  and  the  innermost  toe  which 
are  wanting.  The  internal  one  of  the  two  toes  is  much  the  larger,  and  is 
clawed  ;  the  outer  toe  is  small  and  dawless.  The  pubic  bones  (fig.  41 1, 
B)  are  united  in  a  ventral  symphysis,  and  the  wing  is  furnished  with  a  long 
humerus.  The  Ostriches  run  with  extraordinary  speed,  and  can  outstrip 
the  fastest  horse.  They  are  polygamous,  each  male  consorting  with  sev- 
eral females,  and  they  generally  keep  together  in  larger  or  smaller  flocks. 
The  eggs  are  of  great  size,  averaging  three  pounds  each  in  weight ;  and 
the  hens  lay  their  eggs  in  the  same  nest,  this  being  nothing  more  than  a 
hole  scratched  in  the  sand.  The  eggs  appear  to  be  hatched  mainly  by  the 
exertions  of  both  parents,  relieving  each  other  in  the  task  of  incubation, 
but  also  partly  by  the  heat  of  the  sun. 

2.  Rheida. — This  group  includes  the  **  American  Ostriches  "  {Rhea\  in 
which  the  foot  (fig.  411,  £)  is  three- toed,  the  humerus  is  long,  there  are 
two  digits  in  the  hand,  and  the  pubes  do  not  meet,  while  the  ischia  are 
joined  in  a  dorsal  symphysis  above  the  sacrum.  Three  species  of  Rhea  are 
known,  ranging  from  Patagonia  to  Peru,  but  each  inhabiting  its  own 
specific  area. 

3.  Casuariida, — This  group  includes  the  Cassowaries  and  Emeus,  in 
which  the  foot  is  three-toed,  the  humerus  is  very  short,  and  the  hand  has 
only  a  single  digit.  'Hie  wing-feathers  are  represented  by  naked  quills 
instead  of  by  soft  plumes,  and  the  feathers  have  an  "after-shaft"  almost 
as  long  as  themselves. 

The  Cassowaries  {Casuarius)  are  represented  by  several  species  which 
inhabit  New  Guinea  and  the  adjacent  islands,  and  also  North  Australia, 
about  nine  species  in  all  having  been  recorded.  The  head  of  the  Casso- 
waries is  furnished  with  a  homy  crest,  and  in  several  species  the  neck  is 
Erovided  with  naked  pendent  wattles.  The  Cassowaries  are  birds  of  very 
irge  size,  and  both  sexes  participate  in  sitting  upon  the  eggs. 
The  Emeus  {Dromaius)  are  also  of  large  size,  out  the  head  and  neck  are 
feathered,  and  there  is  no  horny  crest  upon  the  head.  Only  two  species 
are  known  (viz.,  Dromaius  NovtB-Hollandia  and  D.  irroratus)^  both  being 
Australian,  but  the  latter  being  confined  to  Western  Australia. 

4.  DinomithidtB. — This  group  includes  a  number  of  gigantic  extinct 
Birds,  the  remains  of  which  have  been  found  in  Post-Tertiary  deposits  in 
New  Zealand.  The  principal  genus  is  Dinomis  itself,  in  which  the  foot 
is  three-toed,  the  hallux  being  wanting  (fig.  412).  The  feathers  are  fur- 
nished with  an  "after-shaft."  The  wings  were  exceedingly  rudimentary, 
and  in  some  cases  the  fore-limbs  appear  to  have  been  wholly  absent  The 
largest  species  is  the  Dinomis  giganieusy  one  of  the  most  gigantic  of  living 
or  fossil  Birds,  the  tibia  measuring  a  yard  in  length,  and  the  total  height 
being  at  least  ten  feet.  Another  species,  the  Dinomis  dephantopus  (fig. 
412),  though  not  standing  more  than  about  six  feet  in  height,  was  ofan  even 
more  ponderous  construction — "  the  framework  of  the  skeleton  being  the 
most  massive  of  any  in  the  whole  class  of  Birds,"  whilst  "the  toe-^nes 
almost  rival  those  of  the  Elephant "  (Owen).  There  is  every  reason  to  be- 
lieve that  the  Dinomithida  were  represented  by  living  species  up  to  quite  a 
recent  date,  and  that  it  was  by  human  agency  that  they  were  exterminated. 
Not  only  are  the  bones  very  numerous  in  certain  localities,  but  they  are 
found  in  the  most  recent  and  superficial  deposits,  and  they  still  contain  a 
considerable  proportion  of  animal  matter ;  whilst  in  some  instances  bones 
have  been  found  with  the  feslthers  attached,  or  with  the  homy  skin  of  the 
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\ep  still  adhering  to  them.'  Charred  bones  have  been  found  in  connection 
with  native  "  ovens  "  ;  and  the  traditions  of  the  Maories  contain  circum- 
stantial accounts  of  gigantic  wingless  Birds,  the  "Moas,"  which  were 
hunted  both  for  their  flesh  and  their  plumage. 


Fig.  4Z3. — Skeleton  of  Dinomis  elephanto4us^  greatly  reduced.     Post-Pliocene. 
New  Zealand.    (After  Owen.) 

Order  II.  After yges. — This  order  includes  Ratite  Birds 
in  which  the  foot  is  four-toed,  a  rudimentary  hallux  being 
present.  The  only  living  types  of  this  order  belong  to  the 
genus  ApieryXy  but  we  may  include  here  the  extinct  genus 
Palapteryx  and  its  allies,  and  the  less  perfectly  known  genus 
jEpyomis. 

I.  Apterygida, — The  legs  in  Apieryx  are  comparatively  short,  the  foot 
furnished  with  three  toes  in  front  and  a  short  clawed  hallux  placed  on  the 
back  of  the  tarso-metatarsus  (fig.  41 1,  C  and  D).  The  beak  is  long,  slender, 
and  slightly  curved,  the  tip  being  obtuse,  and  the  nostrils  placed  at  the 
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extremity  of  the  upper  mandible  (fig.  413).  The  wings  are  rudimentary, 
the  clavicles  being  rudimentary,  the  humerus  short,  and  there  being  only 
a  single  ungual  phalanx  terminated  by  a  sharp  claw.  The  feathers  are 
long,  narrow,  and  hair-like,  and  the  tail  is  short  and  inconspicuous.  The 
four  known  species  of  Apteryx  are  confined  to  New  Zealand,  the  name  of 


Fig.  ^i-^.— Apteryx  austra/ii.  New  Zealand. 

**  Kiwi  "  being  given  to  them  by  the  natives.  They  are  of  comparatively 
small  size  as  compared  with  the  other  Ratite  Birds,  and  are  nocturnal  in 
their  habits,  feedmg  upon  insects  and  worms. 

2.  Palapterygida. — This  group  com])rises  certain  gigantic  extinct  Ratite 
Birds  which  are  found  in  the  Post-Tertiary  deposits  of  New  Zealand. 
They  resemble  Dinomis  in  many  respects,  but  agree  with  the  recent  Ap- 
teryx in  having  the  hallux  developed.     The  principal  genus  is  PcUapteryx. 

3.  ^pyornithida,  — This  group  includes  only  a  single  Ratite  bird  which 
inhabited  Madagascar  in  Post-Tertiary  times,  and  the  structure  of  which 
is  still  imperfectly  known.  The  only  known  species  is  the  jEpyorms 
maximusy  the  eggs  of  which  are  eight  times  the  bulk  of  those  of  the 
Ostrich. 
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CHAPTER    LXI. 
DIVISIONS  OF  AVES  {Continued), 

CARINATiE. 

Sub-class  IV.  CARINATIE. — The  sub-class  of  the  Carinate 
Birds  includes  all  living  birds  with  the  exception  of  the  small 
sub-class  of  the  Ratitce.^  and  is  characterised  by  the  fact  that 
the  sternum  is  furnished  with  a  more  or  less  prominent  keel 
or  "  carina,"  the  metacarpals  are  united  with  one  another,  the 
jaws  are  destitute  of  teeth,  and  the  quill-feathers  have  their 
barbs  united  by  interlocking  barbules. 

The  Carinaice  may  be  divided  into  fourteen  "  orders,"  the 
characters  of  which  will  be  briefly  considered  in  what  follows. 
It  is  to  be  remembered,  however,  that  only  in  some  cases  can 
the  so-called  "  orders  "  of  Carinate  Birds  be  regarded  as  equi- 
valent in  value  to  the  divisions  which  bear  this  name  among 
other  groups  of  animals.  The  subjoined  table  shows  the 
general  correspondence  between  the  orders  here  adopted  and 
the  six  old  orders  of  Carinate  Birds  which  have  been  in 
general  use : — 

I.  Natatores  =  Impennes^   Pygopodes^    Gavia^    Stegano- 

fodeSy  and  Chenomorpha. 
II.  Grallatores  =  Herodii  and  Gralla. 

III.  Rasores  =  GallincBy  Columba^  and  Crypturi, 

IV.  Scansores  =  Psittaci  and  Ficariee  (in  part). 
V.  Insessores  =  Fasseres  and  Ficaria  (in  part). 

VI.  Raptores  or  Accipitres  =  Raptores. 

Order  I.  Crypturi. — This  order  includes  only  the  family 
of  the  "Tinamous"  {Tinamidai),  comprising  certain  grouse- 
like birds,  in  which  the  tail  is  exceedingly  short  or  absent. 

In  general  appearance,  the  Tinamous  resemble  the  ordinary  Game-birds, 
but  in  various  characters  connected  with  the  structure  of  the  skull  they 
approach  the  Ratite  Birds.  Many  of  the  sutures  of  the  skull  are  persistent, 
and  the  brain  is  very  small.  The  bill  is  long  and  straight,  often  hooked 
at  its  tip,  and  the  foot  has  a  short  hallux  developed  on  its  hinder  aspect, 
and  not  touching  the  ground.  The  Tinamous  are  exclusively  neotropical, 
ranging  from  Patagonia  to  Mexico,  and  are  essentially  terrestrial  in  their 
habits. 

Order  II.  Impennes. — This  order  includes  only  the  Pen- 
guins {SpheniscidcB)^  distinguished  by  their  boat-shaped  body, 
backwardly-placed  hind-limbs,  and  fin-like  wings  (fig.  414). 
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The  Penguins  are  entirely  adapted  for  an  aquatic  life,  to  which  end  the 
hind-limbs  are  placed  at  the  hinder  end  of  the  body,  and  the  three  anterior 
toes  are  webbed,  or  united  by  the  skin.  The  hallux  is  rudimentary,  and 
the  wings  are  useless  as  organs  of  flight,  being  fin-like  and  without  quill- 
feathers.  They  are  covered  with  small  scale-like  feathers,  and  are  em- 
ployed by  the  bird  as  fins,  enabling  it  to  swim  under  water  with  great 


Fig.  414. — Penguin  {Aptenodytes paiagomccC), 

facility,  while  they  can  be  used,  on  necessity,  as  fore-limbs  on  land.  The 
neck  is  short,  the  centra  of  the  cervical  vertebne  having  mostly  spheroidal 
faces ;  the  sternum  has  a  keel ;  and  the  beak  is  compressed.  \\Tien  on 
land,  the  Penguins  stand  bolt  upright,  and  in  this  position  they  incubate 
the  single  egg  which  they  lay.  They  can  also  carry  the  e^  about  with 
them,  buried  among  the  feathers  between  the  hind-limbs.  Tlie  Penguins 
are  essentially  confined  to  the  Southern  Seas,  two  species  being  found  on 
the  coast  of  Peru  and  the  Galapagos.  Well-known  forms  are  the  King- 
penguin  [Aptenodytes  patagonica,  fig.  414)  of  Patagonia  and  the  Falkland 
Islands,  and  the  Black -footed  Penguin  {Spheniscus  demersus)  of  the  Cape 
of  Good  Hope  and  the  seas  round  Cape  Horn. 

Order  IIL  Pygopodes. — This  order  includes  the  Guille- 
mots, Auks,  Grebes,  and  Divers,  and  is  characterised  by  the 
adaptation  of  the  animal  to  an  aquatic  life,  th6  body  being 
boat-shaped,  with  a  thick  and  lustrous  plumage,  the  webbed 
feet  being  placed  far  back,  and  the  wings  being  provided  with 
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quill-feathers,  but  being  comparatively  short,  and  in  some 
cases  (Great  Auk)  rudimentary.  Together  with  the  Penguins, 
the  birds  of  this  order  constitute  the  "  Brevipennate  "  section 
of  the  old  order  Natatores, 

The  Guillemots  {Uria)  are  characterised  by  their  short  tails,  narrow  and 
pointed  wings,  and  completely  webbed  feet,  the  hallux  being  wanting. 
They  are  confined  to  the  colder  seas  of  the  northern  hemisphere,  and  well- 
known  species  are  the  common  Guillemot  {Uria  troile)  and  the  Black  Guil- 
lemot (d/.  pylU). 

The  Auks  (Alcida)  have  the  wings  short  or  rudimentary,  the  three  an- 
terior toes  webbed,  and  the  hallux  wanting.  Well-known  types  belonging 
to  this  family  are  the  Razor-bill  {Aka  tarda)  of  the  North  Atlantic,  the 
Little  Auk  {Mergulus  alle)  of  northern  seas,  and  the  common  Puffins 
{Mormon  fratercula).  The  Great  Auk  or  Gare-fowl  {Alca  impennis)  is 
remarkable  as  being  one  of  those  birds  which  appear  to  have  become 
extinct  within  the  human  period,  having,  in  fact,  been  destroyed  chiefly 
through  the  agency  of  man  himself.  At  one  time  this  fine  bird  was  by 
no  means  uncommon  on  both  the  American  and  European  sides  of  the 
North  Atlantic,  occasionally  visiting  the  coasts  of  Scotland  and  Ireland, 
but  the  species  seems  to  have  been  completely  exterminated  before  the 
middle  of  this  century. 

The  Divers  {ColymHda)  have  the  three  anterior  toes  completely  webbed, 
and  have  a  free  hallux,  the  neck  being  tolerably  long,  and  the  beak  strong. 
They  are  found  both  on  the  coasts  of  the  sea  and  in  inland  waters,  and  are 
confined  to  Arctic  and  north  temperate  regions.  Familiar  species  are  the 
Northern  Diver  or  Loon  {Colymbus  glaci^is\  the  Red-throated  Diver  (C. 
septentrionalis\  and  the  Black-throated  Diver  (C.  arcticus). 

The  Grebes  \Podicipitid(e)  are  closely  allied  lo  the  Divers,  but  the  web 
between  the  anterior  toes  is  deeply  incised,  each  toe  thus  having  a  separate 
web.  The  Grebes  have  an  almost  universal  distribution,  and  frequent 
fresh  waters,  swimming  and  diving  with  the  utmost  facility.  The  best- 
known  British  species  is  the  Little  Grebe  or  Dabchick  {Podiceps  mifior). 

Order  IV.  GAViiE. — This  order  corresponds  with  the 
"  Longipennate  "  section  of  the  old  order  Natatores^  and  com- 
prises the  Gulls,  Terns,  and  Petrels.  The  order  is  character- 
ised by  the  long  and  well  developed  wings,  the  pointed,  some- 
times knife-like,  sometimes  hooked  bill,  and  the  fact  that  the 
three  anterior  toes  are  united  by  a  web,  the  hallux  being  pres- 
ent, but  being  free.  The  following  are  the  more  important 
groups  included  in  this  order ; — 

1.  Larida,  or  Gulls  and  Terns,  having  powerful  wings,  a  free  hinder 
toe,  and  the  three  anterior  toes  united  by  a  membrane.  The  Gulls  form 
an  exceedingly  large  and  widely  distributed  group  of  birds ;  and  the  Terns 
or  Sea-swallows  are  eaually  beautiful,  if  not  quite  so  common.  The 
Terns  are  distinguished  by  their  long  and  pointed  wings,  forked  tail,  and 
comparatively  short  legs.  They  flv  with  great  rapidity  over  the  surface  of 
the  sea,  from  which  they  pick  up  their  fo^. 

2.  Procellarida^  or  Petrels,  closely  resembling  the  true  Gulls,  but  hav- 
ing a  rudimentary  hinder  toe,  and  having  the  upper  mandible  strongly 
hooked.    The  smaller  species  of  Petrel  are  well  known  to  all  sailors  under 
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the  name  of  Storm-birds  and  Mother  Carey's  Chickens.  They  are  noc- 
turnal or  crepuscular  in  their  habits,  breed  in  holes  in  the  rocks,  lay  bat 
one  egg,  and  are  almost  all  of  small  size  and  more  or  less  sombre  plumage. 
The  largest  member  of  the  group  is  the  gigantic  Albatross  {Diomedea  exu- 
lans\  not  uncommonly  found  far  from  land  in  the  tropical  seas  of  both  the 
north  and  south  hemispheres.  The  Albatross  sometimes  measures  as  mucl) 
as  fifteen  feet  from  the  tip  of  one  wing  to  that  of  the  other,  and  the  flight 
is  powerful  in  proportion. 

Order  V.  Steganopodes  {TotipalmatcB). — This  order  com- 
prises the  Frigate-birds,  Pelicans,  Cormorants,  Gannets,  and 
Darters,  and  corresponds  with  the  "  Totipalmate "  section  of 
the  old  order  Natatores,  The  distinguishing  character  of  the 
order  is  that  the  hind-toe  (hallux)  is  directed  more  or  less  to- 
wards the  front,  and  is  united  with  the  innermost  of  the  three 


Fig.  415.—**  Totipalmate  "  foot  of  the  Gannet  (JSula  bassana\. 

anterior  toes  by  a  membrane,  all  the  four  toes  being  thus 
included  in  the  web.  The  wings  are  well  developed,  and  some 
of  the  members  of  this  order  are  birds  of  remarkably  powerful 
and  sustained  flight. 

The  Pelicans  [Pelicanidie)  are  large  birds,  which  subsist  on  fish,  and  are 
found  in  Europe,  Asia,  Africa,  and  the  New  World.  They  sometimes 
measure  as  much  as  from  ten  to  fifteen  feet  between  the  tips  of  the  wings, 
and  most  of  the  bones  are  pneumatic,  so  that  the  skeleton  is  extremely 
light.  The  lower  mandible  is  composed  of  two  flexible  branches  which 
serve  for  the  support  of  a  large  **  gular  "  pouch,  formed  by  the  loose  un- 
feathered  skin  of  the  neck.  The  fish  captured  by  the  bird  are  temporarily 
deposited  in  this  pouch,  and  the  parent  birds  feed  their  young  out  of  iL 
The  bill  is  long  and  straight,  and  the  upper  mandible  is  strongly  hooked 
at  the  tip. 

In  the  Cormorants  {Phalacrocorax)  there  is  no  pouch*  beneath  the  Iowa- 
mandible,  but  the  skin  of  the  throat  is  very  lax  and  distensible ;  the  nail 
of  the  middle  toe  is  sen-ated.  They  are  widely  distributed  over  the  world, 
the  *•  Shag"  (/*.  graculus)  and  the  common  Cormorant  (/*.  ronAc?)  being 
familiar  species.     The  Gannets  {Sula)  have  a  compressed  bill,  the  margins 
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of  which  are  finely  crenate  or  toothed.  They  occur  abundantly  on  many 
parts  of  the  coasts  of  northern  Europe,  one  of  the  most  noted  of  their 
stations  bein^  the  Bass  Rock  at  the  mouth  of  the  Firth  of  Forth.  The 
species  here  is  the  well-known  *'  Solan  Goose"  {Sula  bassana).  Another 
species  {Sula  variegata)  is  of  greater  importance  to  man,  as  being  one  of 
the  birds  from  the  accumulated  droppings  of  which  guano  is  derived.  The 
Frigate-birds  (Tachypetes)  are  chiefly  remarkable  for  their  extraordinary 
powers  of  flight,  conditioned  by  their  enormously  long  and  powerful  wings 
and  long  forked  tail.  They  occur  on  the  coasts  of  tropical  America,  and 
are  often  found  at  immense  distances  from  any  land.  The  Tropic-birds 
{Phaeton)  inhabit  intertropical  regions,  and  are  found  far  out  at  sea.  They 
have  short  feeble  feet,  and  long  pointed  wings. 

The  Darters  or  Snake-birds  {Plotus)  are  somewhat  aberrant  members  of 
this  group,  characterised  by  their  elongated  necks  and  long  pointed  bills. 
They  occur  in  America,  Africa,  and  Australia,  and  catch  fish  by  suddenly 
darting  upon  them  from  above. 

Order  VI.  CHENOMORPHiC  {Anseres). — This  order  com- 
prises the  "  Lamellirostral "  section  of  the  old  oxdox  Natatores 
(viz.,  Ducks,  Geese,  Swans,  and  Flamingoes),  together  with  the 
aberrant  group  of  the  "Screamers"  (Palamedeida),  In  the 
most  typical  members  of  this  order,  the  beak  (fig.  416)  is  flat- 


Fig.  416.— A,  Head  of  the  Grey  Lag  Goose;  B,  Foot  of  the  domestic  Goose. 

tened  in  form,  and  covered  with  a  soft  skin.  The  edges  of 
the  bill  are  further  furnished  with  a  series  of  transverse  plates 
or  lamellae,  which  form  a  kind  of  fringe  or  "  strainer,"  by 
means  of  which  these  birds  sift  the  mud  in  which  they  habit- 
ually seek  their  food.     The  bill  is  richly  supplied  with  fila- 

2  X 
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ments  of  the  fifth  nerve,  and  doubtless  serves  as  an  efficient 
organ  of  touch.  The  feet  are  furnished  with  four  toes,  of 
which  three  are  turned  forwards,  and  are  webbed,  whilst  the 
fourth  is  turned  backwards,  and  is  free.  The  trachea  in  the 
males  is  often  enlarged  or  twisted  in  its  lower  part,  and  co- 
operates in  the  production  of  the  peculiar  clanging  note  of 
most  of  these  birds.  The  body  is  heavy,  and  the  wings  only 
moderately  developed. 

The  Ducks  (Anatida)  have  the  hallux  fringed  with  a  narrow  membran- 
ous lobe,  which  is  of  considerable  width  in  the  Sea-ducks.  The  Ducks 
have  an  almost  universal  distribution,  well-known  forms  being  the  Wild 
Duck  or  Mallard  {Anas  boschas),  the  Teal  (Querqwdula  crecca),  the  Wid- 
geon {Mareca  penelope\  the  Shovellers  {Spatula)^  the  Scaup-duck,  Can- 
vas-back, and  Pochard  {Fuligula\  the  Sheldrakes  ( Tadoma),  the  Scoter- 
ducks  ((Edemia)f  the  Mergansers  {Afergus),  and  the  Eider-ducks  {Soma- 
Uria). 

The  Anseridcs  are  distinguished  from  the  Ducks  chiefly  by  their  stronger 
and  longer  legs,  and  comparatively  shorter  wings.  Good  examples  are  me 
Grey  Lag  {Attser  ferus),  the  Canada  Goose  {A,  canadensis)^  the  Bean> 
goose  {A.  segetum)y  and  the  Snow -goose  {A.  hyperboreus).  All  the 
domesticated  varieties  of  Geese  appear  to  be  undoubtedly  descended  from 
the  **  Grey  Lag  "  Goose,  a  common  wild  species  which  is  found  in  marshy 
districts  in  Europe  generally,  in  Northern  Africa,  and  as  far  east  as  Persia. 

In  the  Swans  the  neck  is  extremely  long,  and  the  legs  are  short  In  the 
Hooper  Swan  {Cygnus  ferus)  the  sternal  keel  is  double,  and  forms  a  cavity 
for  the  reception  of  a  convoluted  portion  of  the  trachea.  This  is  not  the 
case,  however,  with  the  Mute  or  Common  Swan  (C.  olor)^  the  Black  Swan 
{C.  airatus)f  or  the  Trumpeter  Swan  (C  buccinator)^  all  well-known  mem- 
bers of  the  group. 

The  family  Palamedeida  includes  certain  South  American  birds,  which 
have  affinities  to  the  GreUlce  and  the  Gallinaceous  birds.  The  common 
**  Screamer"  {Palatnedea  comuta)  has  long  legs,  and  the  toes  incompletely 
webbed.  It  has  a  cylindrical  horn-like  process  on  the  head,  and  horny  spurs 
implanted  on  the  edge  of  the  wing. 

The  Flamingoes  {Phctnicopierida)  are  intermediate  in  their  characters 
between  the  Geese  and  the  Herons  and  Storks.  They  resemble  the  for- 
mer in  the  fact  that  the  bill  is  lamellate,  and  also  in  having  the  feet  com- 
pletely palmate ;  but  they  approach  the  latter  in  the  great  length  of  the 
legs.  The  bill  is  singularly  bent,  both  mandibles  being  suddenly  curved 
downwards  from  the  middle.  The  common  Flamingo  {Phcenicopterus 
antiquorum)  inhabits  Africa  and  Southern  Europe.  The  Ruddy  Flamingo 
{P.  ruber)  is  South  American,  as  are  other  species. 

Order  VII.  Herodii. — This  order  includes  the  Herons, 
Storks,  Ibises,  and  Spoonbills,  and  is  characterised  by  the 
possession  of  a  long  **  cultirostral "  bill,  which  usually  exceeds 
the  head  in  length,  and  is  compressed  from  side  to  side.  The 
nostrils  are  placed  high  up  on  the  beak,  and  there  is  no 
"  cere."  The  legs  are  long,  and  unfeathered  in  their  lower 
part,  and  the  toes  are  four  in  number,  elongated,  and  usually 
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partially  united  towards  their  bases  by  membrane,  but  never 
properly  "webbed." 

The  Herons  {Ardeida)  have  a  large  hallux,  the  three  anterior  toes  being 
long  and  slender,  and  the  inner  edge  of  the  middle  toe  being  pectinated  or 
comb-like.  An  excellent  example  of  this  widely  distributed  family  is  the 
common  Grey  or  Crested  Heron  {Ardea  cinerea)  of  Britain.     The  Herons 
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Fig.  417.  — Crested  Heron  {Ardea  cinerea).    Europe. 

wade  about  in  the  shallow  waters  of  lakes,  rivers,  or  the  sea-shore,  and  live 
principally  upon  fish.  Allied  to  the  typical  Herons  are  the  Night  Herons 
\Nyciicorax\  the  Bitterns  {Botaurus\  and  the  Boat-bills  (Cancroma). 

The  Storks  {Ciconiida:)  have  the  beak  thick,  the  toes  shorter  than  in  the 
Herons,  and  the  middle  toe  free  from  serrations.  The  common  Stork 
{Cuonia  alba)  is  rarely  found  in  Britain,  but  occurs  not  uncommonly  on 
the  continent  of  Europe.  It  frequents  marshes,  and  feeds  on  frogs,  fishes, 
and  other  aquatic  animals.  In  the  allied  genus  Leptoptilus,  including  the 
great  Storks  known  as  the  Marabou  (Z.  crunumformis)  of  Africa,  and 
the  Adjutant  (Z.  argald)  of  India,  there  is  attached  to  the  throat  a  singular 
naked  sac,  which  has,  however,  no  connection  with  the  gullet  of  the  bird. 
A  related  genus  is  Mycteria^  represented  by  species  in  Africa,  India,  and 
Australia,  but  most  familiarly  known  in  the  person  of  the  Jabiru  {M. 
americana)  of  the  neotropical  region.  Also  related  to  the  Storks  are  the 
Wood-ibises  {Tantalus),  species  of  which  abound  in  the  hot  regions  of 
both  the  Old  and  New  World. 

The  Spoonbills  {Plataldda)  are  very  like  the  Storks  in  general  form 
and  habits,  but  the  bill  is  flattened  out  towards  the  end  so  as  to  form  a 
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broad  spoon-like  plate.  The  common  White  Spoonbill  {PlcUalea  Uucoro- 
dia)  is  commonly  found  on  the  continent  of  Europe,  but  is  of  very  rare 
occurrence  in  Britain.  Related  to  the  Spoonbills  are  the  true  Ibises,  in 
which  the  beak  is  lon^,  slender,  and  arcuate.  The  Ibises  are  found  in 
almost  all  warm  countnes,  some  of  them  being  of  very  beautiful  colours. 
The  most  famous  species  is  the  Sacred  Ibis  {Ibis  athiopica  01 1,  religiosa) 
of  Africa,  which  was  worshipped  by  the  ancient  Egyptians,  and  commonly 
represented  on  their  monuments. 

Order  VIII.  Grall«. — This  order  comprises  the  greater 
number  of  the  birds  formerly  included  in  the  order  of  the 
Grallatores  or  "Waders."  The  Gralla,  for  the  most  part, 
frequent  the  banks  of  rivers  and  lakes,  the  shores  of  estuaries, 
marshes,  lagoons,  and  shallow  pools,  though  some  of  them 
keep  almost  exclusively  to  dry  land,  preferring,  however,  moist 
and  damp  situations.  In  accordance  with  their  semi-aquatic, 
amphibious  habits,  most  of  the  Gralla  have  long  legs,  though 
some  of  the  more  strictly  terrestrial  types  (such  as  the  Rails) 
have  the  legs  comparatively  short.  In  all,  the  tarso-metatarsus, 
and  at  any  rate  a  portion  of  the  lower  end  of  the  tibia,  is  un- 
feathered  (fig.  418).     The  toes  are  long  and  slender,  and 


Fig.  418.— Grallac.    A,  Leg  and  foot  of  the  Curlew  ;  B,  Head  of  Snipe ; 
C,  Beak  of  the  Avocet. 

mostly  free,  though  in  some  cases  (Coots)  they  have,  lateral 
fringes,  thus  becoming  semi-palmate.  The  wings  are  usually 
long,  and  the  power  of  flight  is  generally  considerable.  The 
nostrils  are  large,  and  are  placed  comparatively  low  down,  and 
the  beak  is  often  long,  though  sometimes  of  no  great  length 
and  compressed.  Many  of  the  Gralla  breed  in  cold  countries, 
and  migrate  at  the  approach  of  winter  to  warmer  regions. 
The  young  are  always  "  precocious,"  being  covered  with  down, 
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and  capable  of  taking  care  of  themselves  as  soon  as  hatched. 
The  following  are  the  principal  groups  included  in  the 
Gralla:— 


1.  Rallida. — This  family  comprises  the  Water-hens,  Coots,  &c.,  and  is 
characterised  by  having  the  foot  with  fovir  elongated,  sometimes  lobate, 
toes,  while  the  wings  are  of  moderate  or  less  than  average  size.  In  many  of 
their  characters  a  considerable  number  of  the  birds  of  this  family  approach 
the  Rasorial  birds,  and  differ  from  the  true  Waders,  The  beak  is  mostly 
short,  rarely  longer  than  the  head,  and  is  compressed  from  side  to  side,  or 
wedge-shaped.  The  legs  are  strong  and  not  particularly  lengthy  ;  but  the 
toes  are  often  of  great  length,  and  are  furnished  with  long  claws.  The 
neck  is  not  very  lonpj,  and  the  tail  is  very  short.  Some  of  them  are  strictly 
aquatic  in  their  habits,  and,  like  the  Coots,  approach  in  many  respects  to 
the  typical  Swimmers  ;  others,  again,  are  exclusively  terrestrial.  Among 
the  most  familiar  members  of  this  group  are  the  Water-hens  or  Galli- 
nules,  represented  in  this  country  by  the  common  Moor-hen  [Gallinula 
chloropus).  Though  the  Water-hens  are  aquatic  in  their  habits,  their 
toes  are  not  fringed.  On  the  other  hand,  in  the  Coots  {FtdUd),  the  foot 
is  semipalmate,  the  toes  being  bordered  with  membranous  lobes  (fig.  419). 
The  common  British  species 

is  the  Fulica  atra;  but  the 
Coots  have  an  almost  uni- 
versal distribution.  The  X.j^- 
ical  Rails  have  the  toes 
moderately  long,  with  short 
claws.  Some  of  them,  like 
the  common  Water  -  rail 
(Rallus  aquaticus)f  frequent 
marshy  localities,  and  swim 
and  dive  readily.  Others, 
like  the  Corn-crake  {Crex 
pratensis)  are  essentially  ter- 
restrial in  their  habits.  Fa- 
miliar North  American  Rails 
are  the  Marsh -hen  {Rallus 
elegans)  and  the  Virginian 
Rail  {R.  virginianus).  The 
Jacanas  differ  from  the  typi- 
cal Rails  in  the  possession  of 
extremely  long  and  slender 
toes,  furnished  with  long 
claws,  enabling  the  bird  to  run  about  on  the  leaves  of  aquatic  plants. 
The  typical  Jacanas  {Parra)  are  South  American ;  but  allied  forms  occur  in 
Southern  Asia. 

2.  Scolopacida. — This  group  comprises  the  Snipes,  Woodcock,  Curlew, 
and  other  ^'longirostral'*  Waders,  characterised  by  the  possession  of 
long,  slender,  soft  bills,  grooved  for  the  perforations  of  the  nostrils 
(fig.  418,  B).  The  legs  are  sometimes  rather  short,  sometimes  of  great 
length  ;  the  toes  are  of  moderate  length,  and  the  hallux  is  usually  short, 
and  is  sometimes  absent  The  bill  in  these  birds  serves  as  an  organ  of 
touch,  being  used  as  a  kind  of  probe  to  feel  for  food  in  mud  or  marshy 
soil.  To  fulfil  this  purpose,  the  tip  of  the  bill  is  furnished  with  numerous 
filaments  of  the  fifth  nerve.  They  feed  mostly  upon  insects  and  worms, 
and  are  not  strictly  aquatic  in  their  habits,  mostly  frequenting  marshy 


Fig.  419. — Foot  of  the  Common  Coot,  showing  the 
fringed  toes. 
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districts,  moors,  fens,  the  banks  of  rivers  or  lakes,  or  the  shores  of 
the  sea. 

In  this  family  of  the  Long-billed  Waders  are  the  various  species  of  Snipe 
{Gallinago)  and  Woodcock  {Scolopax)^  the  Sandpipers  {Tringa),  the 
Curlew^  {Numentus\  the  Turnstones  (Strepsi/as),  the  Ruffs  {Machetes)^ 
the  Redshanks  ( Toianus),  the  Godwits  {Limosa),  and  others  which  need 
no  special  notice. 

3.  Charadriida. — This  family  includes  the  Plovers  and  their  allies,  and 
is  characterised  by  the  fact  that  the  legs  are  long  and  slender,  the  toes  are 
united  at  their  bases  by  a  small  membrane,  and  the  hind-toe  is  very  small 
and  raised  above  the  ground.  In  this  group  are  the  true  Plovers  and  Lap- 
wings (CharadriuSf  Vaneilus,  &c.),  the  Pratincoles  {G/areoia),  the  Long- 
shanks  {Ilimaniopus)^  and  the  Oyster-catcher  {HcBtfiatoptis). 

4.  OHdidoi. — This  family  includes  the  Thick-knee  {(Edtcnemus),  the 
Coursers  {Cursorius),  and  the  Bustards  {Otis),  and  forms  a  transition  be- 
tween the  typical  Gralltz  and  the  Game-birds  {Gallina),  The  members 
of  this  family  have  long  legs,  well  adapted  for  running,  the  toes  being 
short,  with  stout  claws,  and  the  hallux  being  absent.  The  wings  are 
moderately  developed,  and  the  tail  is  of  considerable  size.  The  Bustards 
(Otis)  are  found  over  the  greater  part  of  the  Old  World,  and  the  Great 
Bustard  {O,  tarda)  was  at  one  time  not  uncommon  in  Britain. 

5.  Gruida. — ^The  Cranes  have  long  beaks,  and  very  long  legs,  unfeathered 
from  the  middle  of  the  tibia  downwards.  The  toes  are  slender,  and  the 
hallux  is  raised  off  the  ground.  The  tail  is  short,  but  the  wings  are  long, 
and  many  of  the  Gruuia  perform  long  migrations.  The  typical  Cranes 
{Grus)  have  an  almost  universal  distribution,  the  common  European 
species  being  the  Grus  cinerea.  The  Crowned  Cranes  {Balearica)  are 
exclusively  African,  and  the  Demoiselle  Cranes  {Anthropoides)  inhabit 
Europe,  Africa,  and  India. 

Order  IX.  GALLiNiE. — This  division  comprises  the  Game- 
birds,  the  typical  members  of  the  old  order  Rasores.  The 
"  Gallinaceous  Birds  "  are  characterised  by  the  convex,  vaulted 
upper  mandible,  having  the  wide  nostrils  pierced  in  a  mem- 
branous space  at  its  base.  The  legs  are  strong  and  robust, 
mostly  covered  with  feathers  as  far  as  the  joint  between  the 


A 

Fig.  420.— Rasores.    A,  Foot  of  Fowl  (Gat/us  Bankiva) ;  B,  Head  of  Guinea-fowl. 

tibia  and  the  tarso-metatarsus.  There  are  four  toes — three  in 
front  and  one  behind— the  latter  (hallux)  being  short,  and 
placed  at  a  higher  level  than  the  other  toes  (fig.  420,  A).  All 
the  toes  are  furnished  with  strong  blunt  claws  suitable  for 
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scratching  in  the  soil.  The  food  of  the  Gallince  consists 
chiefly  of  hard  grains  and  seeds,  and,  in  accordance  with  this, 
they  have  a  capacious  crop  and  an  extremely  strong  and 
muscular  gizzard.  The  body  is  usually  heavy,  and  the  wings 
comparatively  short  and  weak,  the  flight  being  feeble,  and 
accompanied  with  a  whirring  sound.  The  back  of  the  tarso- 
metatarsus  is  often  furnished  in  the  males  (in  the  females  also 
in  the  Java  Peacock)  with  a  spur  {caicar),  which  is  used  as  an 
offensive  weapon.  In  Polyplectron  the  leg  of  the  male  has  two 
or  three  of  these  spurs.  Most  of  the  Gallina  are  polygamous, 
but  some  forms  (Guinea-fowl,  Red  Grouse,  Partridge,  &c.)  are 
monogamous.  In  accordance  with  their  generally  polygamous 
habit,  the  males  are  usually  more  brilliantly  coloured  than  the 
females.  They  mostly  nidificate,  or  build  their  nests,  upon 
the  ground.  The  males  take  no  part  in  either  nidification  or 
incubation,  and  the  young  are  "precocious,"  being  able  to 
run  about  and  obtain  food  for  themselves  from  the  moment 
they  quit  the  egg.  The  following  are  the  principal  groups 
included  in  the  Gallince: — 

1.  Tetrcumida, — In  the  Grouse  family  the  nostrils  are  covered  by  a  scale 
or  by  feathered  skin.  The  legs,  and  often  the  toes,  are  feathered  (fig. 
421,  A),  and  there  are  no  spurs.  Good  examples  of  this  family  are  the 
European  types,  the  Capercailzie  ( Tetrao  urogallus)^  the  Black-cock  ( 7*. 
teirix)y  the  Red  Grouse  (Lagopus  scoticus\  and  the  Ptarmigan  (Z.  mutus). 
Of  the  many  American  Grouse,  the  three  most  characteristic  tj^pes  are 
perhaps  the  Prairie-hen  (Cupidonia  cupido),  the  Cock  of  the  Plaias  {Cm- 
trocerctis  urophasianus),  and  the  Ruffed  Grouse  {Bonasa  umbellus). 

2.  Perdicida. — This  group  includes  the  Partridges  and  their  allies, 
distinguished  from  the  Grouse  by  their  unfeathered  open  nostrils,  and  bare 
scaly  tarso-metatarsus.  Familiar  European  species  of  Partridge  are  the 
common  Partridge  (Perdix  cinerea)  and  the  Red-legged  Partridge  {P. 
rufa).  Besides  the  typical  Partridges,  this  family  includes  the  Francolins 
{Prancoiinus)  and  the  Quails  {Coturnix).  The  "American  Partridges"  are 
sometimes  separated  as  a  distinct  family  {Odontopharidoi).  Good  examples 
are  the  Virginia  Partridge  or  "Quail"  {Oriyx  virginianus)  and  the 
Plumed  Quails  {Lophortyx). 

3.  Phasianida.—ln  the  Pheasant  family,  there  are  commonly  naked 
spaces  of  skin  on  the  head  or  cheeks,  and  also  often  combs  or  wattles. 
The  males  carry  spurs  on  the  tarso-metatarsus.  The  typical  Pheasants 
(Phasianus)  are  all  confined  to  the  Old  World,  and  are  essentially 
Asiatic.  The  common  Pheasant  (P,  colchicui)  has,  however,  become 
naturalised  in  Europe.  The  Pea-fowl  {^Pavonina)  are  entirely  Asiatic  in 
their  natural  range;  and  every  one  is  familiar  with  the  common  Pea- 
fowl {^Pavo  cristatus)i  the  beautiful  "tail"  of  the  males  being  formed  by 
the  great  elongation  of  the  tail-coverts.  The  Fowls  (Gallic)  are  exclu- 
sively confined  to  southern  Asia  and  the  Indian  Archipelago.  One  of  the 
Jungle-fowl  of  India  {Gallus  Bankiva)  is  supposed  to  be  the  principal 
wild  form  from  which  the  common  domestic  Fowls  have  descended.  The 
Turkeys  (MeUapis)  are  natives  of  North  America,  Mexico,  and  Central 
America,  only  three  species  being  known.     The  domestic  Turkey  has 


6g6 


MANUAL  OF  ZOOLOGY. 


descended  from  the  common  Turkey  {M,  gallotavo).  Lastly,  the  Guinea- 
fowls  {Numida)  are  exclusively  found  in  Africa  and  Madagascar,  the 
common  domesticated  Guinea-fowl  being  the  Numida  meUagris. 

4.  Pteroclida. — The  "Sand -grouse"  included  in  this  family  are  con- 
fined to  the  Old  World,  being  principally  African  and  Asiatic.  They 
have  long  and  pointed  wings,  thus  approaching  somewhat  to  the  Pigeons. 

5.  TuniicidcE. — The  **  Bush -quails*  included  in  this  group  are  of  small 
size,  and  make  an  approach  to  the  Plovers.  They  are  unlike  the 
Gallina  generally  in  the  absence  of  the  hallux.  They  are  natives  of 
Europe,  Africa,  Asia,  and  Australia. 

6.  MegapodidiE. — The  "  Mound  -  birds "  forming  this  family  inhabit 
Australia,  most  of  the  Pacific  islands,  and  India,  and  have  large  feet,  the 
toes  of  which  end  in  long  claws.  They  bury  their  eggs  in  the  sand,  or  lay 
them  in  mounds  of  vegetable  rubbish  which  they  scrape  together,  the  eggs 
being  hatched  either  by  the  warmth  of  the  sun,  or  by  the  heat  evolved  by 
the  fermentation  of  the  accumulated  vegetable  matter. 

7.  CracidtE. — The  *'Curassows"  included  in  this  family  belong  to 
Central  and  Southern  America,  and  differ  from  the  Gallina  in  general  in 
being,  to  a  large  extent,  arboreal  in  habit.     They  have  long  1^,  and  the 

hind -toe  is  placed  on  the 
same  plane  as  the  anterior 
toes.  They  are  large  and 
handsome  birds,  and  are 
often  domesticated.  A 
well-known  form  is  the 
"  Crested  Curassow  "  {Crax 
^  aUctor)  of  Mexico  and  Cen- 

tral America. 

Order  X.  Colum- 
BiC. — This  order  com- 
prises the  Pigeons  and 
Doves,  which  have  often 
been  included  with  the 
preceding  in  the  single 
order  Rasores^  under  the 
name  of  Columbacei, 
The  Pigeons  are,  in 
fact,  closely  related  to 
the  GallitKBy  this  being 
seen  particularly  in  the 
form  of  the  bill,  the 
upper  mandible  being 
convex  in  front,  and 
Fig.  431.- A,  Foot  of  Black-cock  ( Tetrac  tetrix\  B  having  the  base  covered 

and  C,  Upper  and  under  views  of  the  foot  of  the    ^jth  bare  Or  fleshv  skin. 

They  differ  from  the 
GallincBy  however,  in  having  the  wings  long  and  pointed, 
and  in  being  thus  endowed  with  considerable  powers  of 
flight.  In  place,  therefore,  of  being  principally  ground- 
birds,  they  are  to  a  great  extent  arboreal   in   their  habits, 
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and  in  accordance  with  this  the  £eet  are  slender,  and  are 
well  adapted  for  perching  (fig.  421,  B  and  C).  There  are 
four  toes,  three  in  front  and  one  behind,  and  the  former 
are  never  united  towards  their  bases  by  a  membrane, 
though  the  base  of  the  outer  toe  is  sometimes  united  to 
that  of  the  middle  toe.  The  hallux  is  articulated  on  the 
same  plane  as  the  other  toes,  and  touches  the  ground  in 
walking.  A  still  more  fundamental  difference  between  the 
Columba  and  the  Gallina^  is  found  in  the  fact  that  the  young 
of  the  former  are  always  bom  in  an  unfeathered  and  helpless 
condition,  and  thus  require  to  be  nursed  and  fed  by  the 
parents  for  a  longer  or  shorter  time  after  they  are  hatched. 
All  the  Columbay  lastly,  are  monogamous,  and  pair  for  life ; 
and  the  males,  in  accordance  with  this,  are  devoid  of  spurs  or 
other  weapons  of  offence.  The  following  groups  are  included 
in  this  order : — 


Fig.  422. — Columbidse.     Rock»pigeon  {Columba  ih'ia). 

I.  Columbida, — This  family  includes  the  typical  Pigeons  and  Doves,  of 
which  about  four  hundred  species  are  known,  with  an  almost  universal 
distribution.  They  are  essentially  tree-inhabiting  forms,  with  a  short 
tarso-metatarsus,  and  slender  toes  adapted  for  perching.  The  innumerable 
varieties  of  the  domestic  Pigeons  have  all  descended  from  the  Rock-pigeon 
( Columba  Uvia,  fig.  422),  which  is  a  native  of  the  countries  surrounding 
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the  Mediterranean.  Other  familiar  species  are  the  Wood-pigeon  {Co!- 
umba palutnbus),  the  Stock-dove  {Columba  tenas),  the  Turtle-dove  ( 7«r/i»r 
auritus),  and  the  Passenger-pigeon  {Ectopistes  tnigratorius)  of  North 
America.  The  "  Fruit -pigeons "  {Carpophaga  and  Treron)  are  mostly 
green  in  colour,  often  very  beautifully  marked,  and  are  principally  inhabit- 
ants of  Australia,  the  Malayan  Archipelago,  and  Southern  Asia,  species  of 
Trertm  also  occurring  in  the  Ethiopian  region. 

2.  Gourida.  — The  * '  Crowned -pigeons  "or  *  *  Ground-pigeons  "  included 
in  this  family  are  natives  of  New  Guinea  and  adjacent  islands.  They  are 
ground-loving  birds,  and  therefore  make  an  approach  to  the  Gallime. 

3.  Didunculida. — This  family  includes  only  the  singular  little  Didun- 
culus  strigirostris  of  the  Navigator  or  Samoan  group  of  islands  in  the 
Pacific.  The  wings  in  Didunculus  are  well  developed,  and  the  upper  man- 
dible of  the  beak  is  strongly  arched  and  hooked  towards  its  tip.  Though 
naturally  a  ground-loving  bird,  the  Duiunculus  appears  of  late  years  to 
have  become  largely  arboreal  in  its  habits.  It  has  a  special  interest,  as 
being,  in  the  opinion  of  many  ornithologists,  related  to  tne  extinct  Dodo. 


Fig.  423.— Skeleton  of  the  Dodo  (Didus  ineftui),  restored.    (After  Owen.) 

4.  Didida:. — This  group  is  represented  only  by  the  Dodo  and  the  Soli- 
taire, two  great,  non-flying  Pigeons,  both  of  which  have  become  exter- 
minated within  the  last  two  centuries.  The  Dodo  {Didus  iwptus^  fig.  423) 
formerly  inhabited  the  island  of  Mauritius  in  great  numbers,  but  the  last 
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record  of  its  occurrence  dates  from  the  latter  part  of  the  seventeenth  cen- 
tury. It  was  a  large  and  heavy  bird,  bigger  than  a  swan,  and  entirely 
unlike  the  Pigeons  in  general  appearance.  The  wings  were  rudimentary, 
and  completely  useless  as  organs  of  flight.  The  legs  were  short  and  stout, 
the  feet  had  four  toes  each,  and  the  tail  was  extremely  short,  carrying,  as 
well  as  the  wings,  a  tuft  of  soft  plumes.  The  beak  (unlike  that  of  any  of 
the  Columba  except  the  little  Didunculus  strigirostris)  was  strongly 
arched  towards  the  end,  and  the  upper  mandible  had  a  strongly -hooked 
apex,  not  at  all  unlike  that  of  a  bird  of  prey.  The  Dodo  owed  its  exter- 
mination to  the  fact  that  it  was  good  to  eat,  and  that  it  was  unable  to  fly. 
At  present  all  the  known  remains  of  this  singular  bird  that  exist  are  some 
old,  but  apparently  faithful,  oil-paintings,  and  a  few  fragmentary  remains, 
to  which  explorations  in  the  Recent  deposits  of  the  island  have  added  a 
large  number  of  bones.  Allied  to  the  Dodo,  and,  like  it,  incapable  of 
flight,  is  the  Solitaire  (Ptzophaps)  of  Rodriguez,  a  small  island  lying  about 
300  miles  to  the  east  of  Mauritius.  The  Solitaire  appears  to  have  been  in 
existence  up  to  about  the  middle  of  the  eighteenth  century,  and  a  large 
number  of  its  bones  have  been  obtained  in  the  Recent  deposits  of  Rod- 
riguez. It  had  longer  l^s  than  the  Dodo,  and  its  bill  was  not  so  strongly 
arched. 


CHAPTER    LXII. 

SUB-CLASS   CARINATjE— Continued, 

PaSSERES,     PlCARIiE,    PsiTTACI,     AND    RaPTORES. 

Order  XL  Passeres  or  Insessores. — The  great  order  of 
the  Passerine  Birds  or  "  Perchers  "  is  principally  characterised 
by  the  form  of  the  foot,  which  is  adapted  for  perching.  The 
legs  are  slender  and  short,  and  the  foot  has  three  anterior  toes 
and  a  backwardly-directed  hallux,  all  the  toes  carrying  slender 
curved  claws  {fig,  424,  E).  The  claw  of  the  hallux  is  longer 
than  that  of  any  of  the  anterior  toes,  and  the  two  outer  toes 
have  their  bases  united  by  a  very  short  membrane. 

"  The  Perchers  form  the  largest  and  by  far  the  most  numer- 
ous order  of  birds,  but  are  the  least  easily  recognisable  by  dis- 
tinctive characters  common  to  the  whole  group.  Their  feet, 
being  more  especially  adapted  to  the  delicate  labours  of  nidi- 
iication,  have  neither  the  webbed  structure  of  those  of  the 
Swimmers^  nor  the  robust  strength  and  destructive  talons 
which  characterise  the  feet  of  the  Birds  of  Rapine^  nor  yet  the 
extended  toes  which  enable  the  Wader  to  walk  safely  over 
marshy  soils  and  tread  lightly  on  the  floating  leaves  of  aquatic 
plants;  but  the  toes  are  slender,  flexible,  and  moderately 
elongated,  with  long,  pointed,  and  slightly  curved  claws. 
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"  The  Perchers  in  general  have  the  females  smaller  and  less 
brilliantly  coloured  than  the  males ;  they  always  live  in  pairs, 
build  in  trees,  and  display  the  greatest  art  in  the  construction 
of  their  nests.     The  young  are  excluded  in  a  blind  and  naked 


Fig.  434.— Forms  of  the  foot  and  beak  in  Passerine  and  Picarian  Birds.  A,  Head  of 
Hoopoe  {U^upa  epop£)^  showing  the  tenuirostral  type  of  beak.  B,  Head  of  Red- 
backed  Shrike  (Lanius  collurio\  showing  the  dentirostral  t3rpe  of  beak.  C,  Head 
of  White-bellied  Swift  {Cypselus  meiba\  showing  the  fissirostral  type  of  beak.  D, 
Head  of  Corn-bunting  {Emberiza  miliaria^  showing  the  conirostral  type  of  beak. 
K,  Foot  of  the  Yellow  Wagtail  {Motacilla  sulphttrea).  F,  Foot  of  a  Finch, 
iFritigilld). 

state,  and  are  wholly  dependent  for  subsistence  during  a  certain . 
period  on  parental  care.  The  brain  arrives  in  this  order  at  its 
greatest  proportionate  size ;  the  organ  of  voice  here  attains  its 
greatest  complexity,  and  all  the  characteristics  of  the  bird,  as 
power  of  flight,  melody  of  voice,  and  beauty  of  plumage,  are 
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enjoyed  in  the  highest  perfection  by  one  or  other  of  the  groups 
of  this  extensive  and  varied  order." — (Owen.) 

The  food  of  the  Passeres  is  of  a  very  varied  kind,  some 
being  exclusively  insect-feeders,  others  living  upon  seeds  and 
grains,  while  many  are  omnivorous,  feeding  indifferently  upon 
vegetable  substances  or  upon  small  animals  of  all  kinds.  The 
form  of  the  beak  is  very  varied  in  the  Passerine  Birds,  but 
four  principal  types  may  be  recognised.  In  the  first  of  these, 
the  beak  is  what  has  been  generally  called  "  conirostral,"  being 
on  the  whole  widely  conical,  broad  at  the  base,  and  tapering 
with  considerable  rapidity  to  the  apex  (fig.  424,  D).  In  the 
second  or  " dentirostral"  type  of  bill,  the  upper  mandible  has 
a  more  or  less  distinct  notch  in  its  lower  margin  near  the  tip 
(fig.  424,  B).  In  the  third  or  so-called  '*  fissirostral "  type  of 
bill,  the  beak  is  short,  with  a  wide  gape,  its  sides  often  pro- 
tected by  bristles  (fig.  424,  C).  This  form  of  bill  occurs  also 
in  some  Picarian  birds.  Lastly,  the  so-called  "  tenuirostral " 
type  of  bill — likewise  seen  in  various  Picarian  birds,  such  as 
the  Hoopoe  (fig.  424,  A) — is  long  and  slender,  gradually 
tapering  from  the  base  to  the  apex. 

The  order  of  the  Passerine  Birds  is  an  exceedingly  large  one, 
and  comprises  more  than  half  the  known  species  of  the  class 
Aves,  The  classification  of  the  order  into  minor  groups  has 
proved  a  matter  of  corresponding  difficulty,  and  ornithologists 
are  as  yet  by  no  means  agreed  as  to  the  basis  upon  which  the 
order  should  be  arranged.  Here,  therefore,  it  will  be  sufficient 
to  glance  in  the  briefest  possible  manner  at  the  principal 
families  of  the  order. 

The  great  majority  of  the  Passeres  are  what  would  usually 
be  called  **  Song-birds,"  and  all  of  these  have  the  muscles  of 
the  lower  larynx  or  "  syrinx  "  attached  to  the  ends  of  the  bron- 
chial semi-rings  {Passeres  acromyodt).  On  the  other  hand, 
there  are  a  few  groups  of  the  order,  mostly  confined  to  the  New 
World,  which  are  songless,  and  have  the  muscles  of  the  syrinx 
attached  to  the  middle  of  the  bronchial  semi-rings  (Passeres 
mesomyodi).  The  following  are  the  principal  families  included 
in  the  more  normal  division  of  Passeres^  often  spoken  of  as  the 
division  of  the  Oscines  or  Song-birds  : — 

I.  Corvida, — This  is  a  large  group  of  Passerine  birds,  characterised  by 
their  long,  strong,  and  compressed  beak,  the  base  of  which  is  furnished 
with  bristles.  The  Crow  family  has  representatives  in  almost  every  region 
of  the  globe,  familiar  British  forms  being  the  Raven  {Corvus  corax),  the 
Carrion  Crow  (C  corona),  the  Rook  {C,  fr7igilegus\  the  Hooded  Crow  (C. 


tieing  the  J 
(C.friipUg 
t),  the  Red- 


comix)f  the  Jackdaw  (C.  ntonedula),  the  Red-l^ged  Crow  or  Chough 
{Fregiius  graculus),  the  Magpie  {Pica  rusiica\  and  the  common  Jay 
( Garrulus  glandarius). 
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2.  Paradiseida, — The  "  Birds  of  Paradise  "  comprised  in  this  family  are 
confined  to  New  Guinea  and  the  neighbouring  islands,  a  few  forms  only 
(such  as  the  Rifle-birds)  being  Australian.  They  differ  from  the  Crows  in 
the  proportions  of  the  toes  and  in  the  greater  slendemess  of  the  beak,  and 
they  feed  upon  fruit  and  insects.  They  are  remarkable  for  the  brilliant 
plumage  of  the  males,  the  females  being  much  less  gorgeously  feathered. 
In  the  words  of  Mr  Wallace — "They  are  characterised  by  extraordinary 
developments  of  plumage,  which  are  unequalled  in  any  other  family  of 
birds.  In  several  species  large  tufts  of  delicate,  bright-coloured  feathers 
spring  from  each  side  of  the  body,  forming  trains,  fans,  or  shields ;  and 
the  middle  feathers  of  the  train  are  often  elongated  into  wires,  twisted 
into  fantastic  shapes,  or  adorned  with  the  most  brilliant  metallic  tints.  In 
another  set  of  species,  the  accessory  plumes  spring  from  the  head,  the 
back,  or  the  shoulders  ;  whilst  the  intensity  of  colour  and  of  metallic  lustre 
displayed  by  their  plumage  is  not  to  be  equalled  by  any  other  birds,  except, 
perhaps,  the  Humming-birds,  and  is  not  surpassed  by  these. " 

3.  Oriolida, — The  "Orioles"  are  entirely  confined  to  the  Old  World, 
a  familiar  species  being  the  Golden  Oriole  {Orioltis  galbula)  of  Southern 
Europe  and  Africa.  [The  birds  generally  called  "Orioles"  in  the  United 
States  belong  to  a  different  family — viz.,  the  IcteridaS\ 

4.  Muscicapidit. — The  "  Fly- catchers  "  feed  upon  insects,  and  have  a 
short  bill,  notched  in  front,  and  having  its  base  furnished  with  bristles. 
They  are  mostly  sedentary,  catching  their  prey  from  a  fixed  point.  A 
familiar  example  is  the  common  Fly-catcher  {Muscicapa  grisola). 

5.  Turdida.—T\it  "Thrushes"  have  the  bill  of  moderate  length,  com- 
pressed, and  curved  towards  its  tip,  and  are  mostly  insectivorous.  The  fam- 
ily is  represented  in  Britain  by  the  familiar  Song-thrush  {Turdus  mustcus), 
the  Fieldfare  ( T.  viscivorus),  and  the  Blackbird  ( T.  meruld).  The  widely 
distributed  "  Robin  "  of  the  United  States  and  Canada  is  a  Thrush  ( Turdus 
fntgratorius)  i  and  the  American  Mocking-birds  {Mimus)  also  belong  to 
this  family. 

6.  Sylviida. — ^This  family  is  very  closely  related  to  the  preceding,  and 
the  boundaries  between  the  two  cannot  be  strictly  defined.  The  beak  is 
awl-shaped,  and  the  tarso-metatarsus  is  covered  with  separate  shields. 
Many  of  the  most  familiar  song-birds  belong  here.  Well-known  forms 
are  the  true  Warblers  {^Sylvia)^  the  Nightingales  {Luscima),  the  Gold- 
crested  Wren  {Regulus\  the  Robin  Redbreast  {Erythaca  rubeculd)^  the 
Stonechats  {Saxicola\  the  Hedge-sparrows  {Accentor),  and  the  Redstarts 
{Ruticilla).  The  true  Wrens  ( Troglodytes)  are  sometimes  placed  in  the 
present  family,  but  are  often  regarded  as  the  type  of  a  separate  family. 

7.  Laniida.— The  "Shrikes"  or  "Butcher-birds"  included  in  this 
family  have  the  upper  mandible  (fig.  424,  B)  hooked  at  its  point,  and  with 
a  marginal  tooth  near  its  tip.  They  are  carnivorous,  feeding  mostly  on 
worms  and  insects,  but  occasionally  destroying  small  birds  or  mice 

8.  Paridct, — The  "Titmice"  are  small,  often  exceedingly  elegant  birds, 
with  a  conical  straight  bill,  and  a  well-developed  tail.  There  is  no  notch 
in  the  tip  of  the  upper  mandible.  The  Titmice  have  a  very  wide  distribu- 
tion, being  particularly  abundant  in  the  Palsearctic  and  Nearctic  provinces. 
Common  British  species  are  the  Great  Titmouse  {Parus  major),  and  the 
Blue-headed  Titmouse  (/*.  caruieus).  Closely  allied  to  the  Tits  are  the 
Nut-hatches  {Siiid). 

9.  CerthiicUe. — The  "  Creepers  "  are  very  like  Woodpeckers  in  appear- 
ance and  habits.  The  tail-feathers  are  stiff,  and  assist  the  bird  in  running 
up  the  trunks  of  trees.  The  bill  is  long,  slender,  and  curved.  The  Creep- 
ers are  insectivorous,  the  common  Brown  Creeper  (Certhia  familiaris) 
being  abundant  in  Britain. 
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10.  Meliphagida.—Th&  **  Honey-eaters"  are  exclusively  confined  to  the 
Australian  province,  and  are  characterised  by  their  long,  curved,  slender 
bills,  and  by  the  fact  that  the  long  and  extensile  tongue  is  cleft,  and  ter- 
minates in  a  brush  of  bristle-like  filaments. 

11.  Nectariniida,-—'Y\i^  "Sun-birds"  are  nearly  related  to  the  preced- 
ing, having  "  tenuirostral "  beaks,  with  a  protrusible  and  deeply  cleft 
tongue.  They  are  birds  of  beautiful  plumage,  resembling  the  Humming- 
birds both  in  appearance  and  habits.  They  are  confined  to  the  hotter 
regions  of  the  Old  World,  being  particularly  abundant  in  Africa  and 
Southern  Asia. 

12.  Motacilltda, — The  "  Wagtails "  have  slender  bills,  generally  long 
tails,  and  the  wings  of  moderate  length,  with  nine  primary  quill-feathers. 
Besides  the  true  Wagtails  (Afotacilla),  the  family  includes  the  lark-like 
Pipits  {AfUhtis). 

13.  Hirundinida. — The  true  "Swallows"  included  in  this  family  ex- 
hibit the  closest  resemblance  in  externals  to  the  Swifts,  but  nevertheless 
present  wide  differences  from  the  latter  as  r^^rds  the  details  of  their  inter- 
nal organisation.  They  have  the  **  fissirostral  "  type  of  beak  (fig.  424,  C), 
with  the  gape  wide,  and  bordered  by  bristles.  The  wings  are  very  long, 
with  nine  primary  quill-feathers,  the  tail  forked,  and  the  legs  short  and 
weak,  the  hallux  being  turned  backwards.  The  Swallows  are  insectivorous, 
and  catch  their  prey  upon  the  wing.  The  Swallows  have  an  almost  univer- 
sal distribution,  common  British  species  being  the  common  Swallow  {Hir- 
undo  msiica),  the  Martin  (ff,  urbica\  and  the  Sand-martin  {H.  riparia), 

14.  Tanagrida.—  Tht  "Tanagers"  in  many  respects  resemble  the  true 
Finches,  but  possess  a  **  dentirostral "  bill,  the  upper  mandible  being 
notched  or  toothed.  They  feed  on  fruits  and  insects,  and  are  often  bril- 
liantly coloured.  They  are  exclusively  confined  to  the  New  World,  and 
are  mostly  South  American. 

15.  FringilluUB, — The  great  family  of  the  "Finches**  is  distributed 
over  the  whole  world,  Australia 
alone  excepted  (if  the  Weaver- 
finches  be  excluded  from  this 
family).  All  the  true  Finches 
have  the  "  conirostral '*  type  of 
bill,  the  beak  being  stout  and 
conical,  with  a  sharp  apex,  but 
not  having  the  upper  mandible 
toothed  (figs.  424,  D,  and  425). 
There  are  nine  primary  quill- 
feathers  in  the  wing.  As  ex- 
amples of  the  Fringillida  may  _..  ,t  ^  *  ,  r,  «  „^  , 
>w>     Tn*.ntinnw1     t>i*»     PhafflnrliM    *^'?-   ^'S-  —  Head  of  the   Common  Bullfinch 

be    mentionea    tiie    i^namncnes      {pyrrknla  vulgaris),  showing  the  coniros- 

and  their  allies  {Frtngilla\  the      tral  beak. 

House  -  sparrows     {lyrgita     or 

Passer),  the  Goldfinches  and  Siskins  {Carduelis),  the  Bullfinches  {Pyrrhu- 

la\  the  Linnets  {Linoia)^  the  Greenfinches  and  Grosbeaks  {Coccothrausies), 

the  Crossbills  {Loxia),  the  Buntings  and  Yellowhammers  {Emberizd),  and 

the  Hang-nests,  or  American  Orioles  {Icierida). 

16.  Stumida. — The  birds  included  in  the  Starling  family  have  com- 
paratively long  straight  bills,  and  have  ten  primary  quill- feathers  in  the 
wing,  of  which  the  first  is  short.  The  feet  are  large  and  strong,  and  are 
adapted  for  walking  on  the  ground.  The  Starlings  are  found  all  over  the 
Old  World,  except  in  the  continent  of  Australia  ;  and  the  common  Star- 
ling {Stumus  vulgaris)  is  a  familiar  European  bird. 

17.  Alaudida. — The  "Larks"  have  ten  primary  quill-feathers,  but  the 
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first  is  rudimentary.     The  claw  of  the  hind-toe  is  usually  long  and  straight 
The  most  familiar  British  species  is  the  Skylark  {Alaiida  arvensis). 

In  addition  to  the  preceding,  there  are  included  in  the 
order  of  the  Passerine  Birds  a  number  of  foftns  which  are  song- 
less,  mostly  ground-loving  birds,  and  which  have  the  so-called 
"  mesomyodian  "  type  of  syrinx.  With  the  exception  of  the 
family  of  the  Ant-thrushes  {Pittidai)  of  the  warmer  regions  of 
the  Old  World,  and  the  singular  Lyre-birds  {Menurida)  of 
Australia,  all  the  forms  included  in  this  section  are  found  in 
North  and  South  America.  The  chief  families  are  the  Tyrant- 
birds  {Tyrannidce\  the  American  Ant-thrushes  {Formicariidai), 
the  American  Chatterers  {Cotingidcg),  and  the  American 
Creepers  {Dendrocolaptidce). 

Order  XIL  PicARiiE. — The  order  of  the  Picarian  Birds  is 
a  large  and  ill-defined  division,  corresponding  to  the  old  order 
of  the  Scansores  (exclusive  of  the  Parrots),  together  with  most 
of  the  birds  formerly  included  in  the  "  fissirostral "  section  of 
the  Perching  Birds.  The  sternum  of  the  Ficaria  is  generally 
furnished  with  a  double  notch  in  its  hinder  margin  on  each 
side,  and  the  hallux  is  not  provided  with  a  separate  flexor 
muscle,  as  it  is  in  the  Passerine  Birds.  The  condition  of  the 
foot  varies  greatly ;  but  two  principal  types  are  recognisable. 
In  one  of  these  the  foot  is  of  the  "  scansorial "  or  "  zygodac- 
tyle  "  type,  the  fourth  or  outer  toe  being  permanently  turned 
backwards  along  with  the  hallux,  or  being  capable  of  being  so 
reversed  (in  the  Trogons  it  is  the  second  or  inner  toe  which  is 
thus  turned  backwards).  The  foot  thus  comes  to  consist  of 
two  toes  in  front  and  two  behind,  and  is  specially  adapted  for 
climbing.  The  other  principal  type  of  foot  in  the  Ficaria  is 
the  so-called  "  syndactyle  "  type,  in  which  the  two  outer  toes, 
and  sometimes  the  inner  toe  also,  are  more  or  less  completely 
united  to  one  another  by  the  skin,  the  hallux  alone  being 
turned  backwards.  In  most  of  the  Swifls,  again,  the  hallux  is 
turned  forwards  along  with  the  other  toes.  In  other  forms, 
finally,  such  as  the  Humming-birds  and  Hoopoes,  the  foot 
more  nearly  resembles  that  of  the  Perchers. 

The  Picarian  Birds  are  monogamous,  and  bring  forth  help- 
less young.  The  eggs  are  mostly  white,  and  the  nest  is  com- 
monly made  in  a  hole  in  a  tree  or  in  a  crevice  in  rocks. 

The  numerous  forms  included  under  the  head  of  Ficariet 
may  be  briefly  considered  under  the  following  six  principal 
sections : — 

I.  CucuLOiDEit. — The  principal  family  included  in  this  section  is  that 
of  the  Cuckoos  and  their  allies  {Cuculida),  The  bill  in  the  Cuckoos  is  of 
moderate  length,  with  a  wide  gape,  the  nostrils  being  placed  low  down  in 
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a  groove.  The  outer  toe  is  reversible,  but  the  Cuckoos,  though  living  in 
wooded  districts,  are  not  climbing  birds.  The  Cuckoos  are  found  in  all 
the  warmer  regions  of  the  globe,  and  are  remarkable  for  the  habit  which 
many  of  them  possess  of  laying  their  eggs  in  the  nests  of  other  birds, 
instead  of  nidi  ficating-and  incubating  on  their  own  account.  This  habit 
seems  to  be  connect^,  in  part  at  any  rate,  with  the  fact  that  the  successive 
eggs  are  laid  at  prolonged  intervals.  The  only  bird  not  belonging  to  the 
Cuckoos  which  is  known  to  have  the  same  **  parasitic  "  habit,  is  the  Cow- 
bunting  {Molothrus  p€coris)  of  the  United  States.  As  a  rule,  only  one  egg 
is  deposited  in  each  nest,  and  the  young  Cuckoo  which  is  hatched  from  it 
is  brought  up  by  the  foster-parent,  generally  at  the  expense  of  the  legiti- 
mate offspring.  A  number  of  Cuckoos,  however,  build  nests  for  them- 
selves in  the  ordinary  manner  ;  and  it  is  noticeable  that  in  some  of  these 
cases,  at  any  rate  (as,  for  example,  in  the  Coccyzus  americanus  or  YeUow- 
billed  Cuckoo  of  the  United  States),  the  successive  eggs  are  laid  at  con- 
siderable intervals,  so  that  well-developed  young  may  be  found  in  the 
same  nest  with  a  fresh-laid  egg. 

The  common  British  Cuckoo  is  the  Cuculus  canorus.  The  common 
Cuckoos  of  the  United  States  belong  to  the  genus  Coccyzus.  The  largest 
of  the  Cuckoos  is  the  great  Channel-bill  ^cythrops  Nava-Hollandta)  of 
Australia.  More  or  less  nearly  allied  to  the  Cuckoos  are  the  Honey-guides 
{IndiccUorida)  and  the  Plantain-eaters  {Mtisophagida),  all  the  members  of 
which  are  found  in  the  warmer  parts  of  the  Old  World. 

II.  CAPRiMULGOiDEyE. — The  principal  family  included  here  is  that  of 
the  Caprimulgida  or  Goatsuckers,  in  which  the  beak  is  of  the  typical 
*•  fissirostral  "  form  (fig.  426), 
being  short  and  remarkably 
wide  in  its  gape,  its  hinder 
margin  being  fenced  in  by  a 
number  of  bristles  {^vibrissa). 
The  Goatsuckers,  as  represent- 
ed by  the  common  European 
Night-jar    {Caprimulgus  euro- 

picus\  are  insectivorous,  noctur- 
nal, and  in  some  respects  Owl- 
like birds.  They  have  a  lax 
and  soft  plumage,  large  eyes, 
and  a  hawking  flight.  The  feet 
are  short  and  weak,  and  the  '. 
middle  toe  has  a  serrated  claw. 
A  well-known  American  Fig.  426.— Head  of  Goatsucker  (Ca>r/ww/r«*), 
Night-jar    is    the    Whip-poor-  showing  the  fissirostral  form  of  beak, 

will    (kntrostomus  voctferus)  ; 

and  a  familiar  Australian  form,  belonging  to  an  allied  family,  is  the 
**  Morepork  "  (Podargus  Cuvieri).  A  more  remarkable  type,  also  represent- 
ing a  distinct  family,  is  the  Guacharo  bird  {StecUomis  caripensis)  of 
Central  America  and  Trinidad. 

III.  ALCEDiNOiDEi«. — The  two  most  characteristic  families  included 
in  this  section  are  the  Kingfishers  (Alcedimda)^  and  the  Bee-eaters 
{Meropida).  The  Kingfishers  are  distinguished  by  their  long  and  powerful, 
generally  angular  bill,  and  short  weak  legs.  The  foot  is  of  the  "  syndac- 
tyle  "  type,  the  outer  and  middle  toes  being  united  along  almost  their 
entire  length.  The  common  Kingfisher  {Alcedo  ispida)  feeds  upon  small 
fish,  which  it  captures  by  dashing  into  the  water  from  some  elevated 
station.  Many  other  Kingfishers  have  the  same  habit ;  but  some,  such  as 
the  Laughing  Jackass  {Dcuelo  gigas)  of  Australia,  are  principally  insect- 
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feeders.     A  very  beautiful  North  American  species  is  the  Belted  King- 
fisher {Ceryle  alcyon). 

The  Bee-eaters  {Aferoptda)  are  entirely  confined  to  the  Old  World,  and 
resemble  the  Kingifishers  in  having  a  **  syndactyle  "  foot.  They  have  long 
curved  and  pointed  bills,  and  feed  upon  insects.  Allied  to  the  preceding 
are  the  Motmots  (Momotida)  of  Central  and  Southern  America,  and  the 
Todies  {Todida)  of  the  West  Indian  Islands. 

A  more  remarkable  g^oup  of  birds  which  may  be  placed  here,  is  that  of 
the  Hombills  {Bucerotida).  The  Hombills  are  large  birds,  with  very 
large  bills  surmounted  by  a  kind  of  crest  or  helmet-shaped  structure,  com- 
posed of  bone  rendered  light  by  the  presence  of  numerous  air-cells.  The 
foot  is  of  the  **  syndactyle  "  type.  The  Hombills  are  exclusively  confined 
to  the  hotter  regions  of  the  Old  World,  and  they  live  for  the  most  part 
upon  fruits.  A  well-known  species  is  the  Rhinoceros  Hombill  {Buceros 
rhinoceros)  of  Malacca  and  Borneo.  The  nests  are  usually  made  in  trees, 
and  the  male  has  the  curious  habit  of  imprisoning  the  female  within  the 
nest  during  the  period  of  incubation,  by  plastering  up  the  external  opening 
of  the  nest  with  mud,  leaving  only  a  small  aperture  through  which  he 
supplies  food  to  the  mother  and  offspring. 

Related  to  the  Hombills,  though  totaUy  unlike  them  in  appearance,  are 
the  elegant  birds  which  form  the  family  of  the  Hoopoes  {Upupida). 
Only  the  single  genus  Upupa  is  known,  including  some  half-a-dozen 
species,  all  of  which  are  found  in  the  Old  World.  The  common  Hoopoe 
( Upupa  epops)  is  an  inhabitant  of  the  continent  of  Europe,  and  occasion- 


Fig.  427.— A,  Foot,  and  B,  Head  of  Woodpecker. 

ally  visits  Britain.    The  bill  in  the  Hoopoes  is  long  and  slender  (fig.  424,  K\ 
and  the  foot  has  the  two  outer  toes  united  near  their  bases  by  the  skin. 

IV.  PicoiDEiE. — The  two  principal  families  included  in  this  section  are 
those  of  the  Woodpeckers  and  the  Toucans. 
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The  Woodpeckers  {Picida)  are  thoroughly  adapted  for  climbing,  as  also 
for  obtaining  the  insects  on  which  they  feed  from  under  the  bark  of  trees 
or  in  decayed  wood.  The  foot  is  **  scansorial,"  the  outer  toe  being  turned 
back  along  with  the  hallux,  and  the  claws  are  crooked  and  sharp-pointed 
(fig.  427,  A).  The  beak  is  of  large  si7.e,  and  is  pointed  or  wedge-shaped 
(fig.  427,  B),  being  suited  for  the  excavation  of  wood  by  repeated  blows. 
The  tail-feathers,  in  the  typical  members  of  the  group,  terminate  in  stiff 
pointed  ends,  and  assist  the  bird  in  running  up  the  trunks  of  trees.  The 
tongue  is  very  long  and  extensible,  and  is  barbed  at  its  point ;  the  great 
comua  of  the  hyoid  bone  being  of  great  length,  and  bending  over  the  back 
and  top  of  the  skull  to  be  attached  anteriorly  near  the  base  of  the  upper 
mandible.  The  bird  catches  insects  by  transfixing  them  with  its  protrusible 
tongue,  the  operation  being  facilitated  by  the  copious  supply  of  viscid 
saliva  poured  into  the  mouth  by  the  greatly  developed  salivary  glands.  The 
Woodpeckers  nest  in  holes  in  trees,  and  are  unsociable,  untamable  birds, 
often  beautifully  coloured,  and  given  to  wandering  from  place  to  place. 
They  are  represented  in  all  regions  except  Australia.  Allied  to  the  Wood- 
peckers proper,  but  having  the  quill-feathers  of  the  tail  flexible  and  soft, 
are  the  Wry-necks  ( Vt/nx),  the  species  of  which  are  found  in  the  Palsearctic 
and  Ethiopian  provinces.  Some  authorities  likewise  place  the  Barbets 
{Bucconida)  of  Neotropical  regions  in  the  neighbourhood  of  the  Wood- 
peckers. 

The  Toucans  {Rhamphastidtt)  form  a  remarkable  group  of  birds  which 
agree  with  the  Woodpeckers  in  having  a  strictly  **  scansorial"  foot,  the 
outer  toe  being  turned  back  along  with  the  hallux.  Their  most  remark- 
able character,  however,  is  to  be  found  in  the  form  of  the  bill,  which  is 
very  large,  longer  than  the  head,  and  sometimes  of  comparatively  gigantic 
size   (fig.   428).      The  mandibles  are,  however,   to  a  very  great  extent 


Fig.  428.—  Head  of  Toucan. 


hollowed  out  into  air-cells,  so  that  the  weight  of  the  bill  is  much  less  than 
would  be  anticipated  from  its  size.  The  tongue  is  very  long,  notched  at 
its  side,  or  feathered  with  delicate  lateral  processes.  The  Toucans  live 
upon  fruits,  and  are  all  confined  to  the  Neotropical  province,  frequenting 
forests  in  considerable  flocks. 

V.  TROGONOiDEit. — This  section  includes  only  the  Trogons  ( Trogonida) 
— birds  of  beautiful  plumage,  which  inhabit  the  forests  of  the  intertropical 
regions  of  both  the  Old  and  New  World.     The  Trogons  in  some  respects 
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resemble  the  Goatsuckers,  having  short  depressed  bills,  with  a  very  wide 
gape,  which  is  bordered  behind  by  bristles.  The  legs  are  short  and  weak, 
and  the  foot  is  "scansorial,"  but  differs  from  that  of  the  Picoidea  in  the 
fact  that  it  is  the  inner  or  second  toe  that  is  turned  back  along  with  the 
hallux.  The  Trogons,  in  spite  of  the  structure  of  the  foot,  are  poor 
climbers,  and  their  food  may  be  insects  only,  or  of  a  mixed  kind. 

VI.  CvPSELOiDEiE. — This  section  includes  the  two  families  of  the 
Swifts  {Cypselidte)  and  the  Humming-birds  {Trochilida).  The  Swifts  are 
swallow- like  birds,  with  long  pointed  wings  and  a  remarkable  power  of 
rapid  and  prolonged  flight.  The  bill  (fig.  424,  C)  is  of  the  **  fissirostral" 
type,  being  short,  depressed,  and  weak,  with  a  wide  gape  fringed  by 
bristles.  The  legs  are  very  short  and  weak,  with  short  feeble  toes,  the 
hallux  being  in  most  cases  turned  forward  along  with  the  three  anterior 
toes.  The  Swifts  are  almost  universally  distributed,  being  absent  from 
New  Zealand  ;  and  a  familiar  type  is  the  common  Swift  {Cypsdus  apus). 

The  Humming-birds  {Trochilida:)  are  in  many  respects  allied  to  the 
Swifts,  but  are  in  other  respects  an  extremely  well-defined  group.  Nearly 
four  hundred  species  of  Humming-birds  are  known,  all  of  small  size,  and 
including  the  most  fragile  and  brightly  coloured  of  all  the  birds,  some  not 
weighing  more  than  twenty  grains  when  alive,  and  many  exhibiting  the 
most  brilliant  play  of  metallic  colours.  The  Humming-birds  are  pre- 
eminently South  American,  but  extend  northwards  as  far  even  as  the 
southern  portions  of  Canada.  The  bill  is  always  very  long  and  slender, 
as  are  the  toes  also.  The  tongue  is  long,  protrusible,  and  deeply  cleft,  its 
lip  being  brush-like  or  papillose,  and  it  appears  to  be  used  either  to  oitch 
insects  within  the  corollas  of  flowers,  or  to  suck  up  the  juices  of  the 
flowers  themselves.  The  plumage  of  the  males  is  always  brilliant,  with 
metallic  reflections,  that  of  the  females  generally  comparatively  sombre. 
The  legs  are  short  and  weak,  but  the  wings  are  proportionately  very  long, 
and  the  flight  is  exceedingly  rapid. 

Order  XIIL  Psittaci. — This  order  includes  the  Parrots, 
and  is  characterised  by  the  fact  that  the  upper  mandible  of 


Fig.  429.— A,  Skull  of  a  Parrot  (P*iitacus  erytkacus).     B,  Foot  of  the  same :  a  HalluA  ; 
d  Index  ;  c  Middle  toe ;  </  Outer  or  ring  toe.     (After  Blanchard.) 

the  bill  (fig.  430)  is  strongly  arched  and  hooked  at  its  tip, 
the  nostrils  being  pierced  in  a  cere  at  its  base.  The  lower 
mandible  of  the  beak  is  shorter  than  the  upper  one,  within 
which  it  bites,  and  it  is  also  hooked  at  its  tip.  The  upper 
mandible  is  articulated  with  the  skull  by  a  hinge-joint,  great 


CARINAT^.  709 

mobility  of  the  beak  being  thus  conditioned.  The  palate  is 
largely  completed  by  bone,  and  the  vomer  is  wanting.  The 
tongue  is  thick  and  fleshy,  in  some  cases  (Trichoglossus)  ter- 
minated by  brush-like  papillae.  The  legs  are  feathered  down 
to  the  short  tarso-metatarsus,  and  the  foot  (fig.  429)  is  of  the 
thoroughly  "  scansorial "  type,  the  outer  toe  being  turned  back- 
wards along  with  the  hallux.  The  claws  are  curved,  and  the 
bill  is  used  as  a  kind  of  third  foot,  the  feet  being  thus  allowed 
to  be  employed  in  prehension.  The  clavicles  are  weak,  often 
not  united  to  form  a  furcula,  and  sometimes  absent.  The 
sternum  is  without  notches  in  its  hinder  margin. 

The  Parrots  are  arboreal,  fruit-eating  birds,  which  inhabit 
the  warmer  regions  of  the  Old  and  New  Worlds,  and  of  which 
about  four  hundred  species  are  known.  Their  plumage  is 
generally  bright  and  gaudy  in  its  coloration,  and  their  voice  is 
mostly  harsh,  grating,  and  dissonant.  They  are  mostly  soci- 
able in  their  habits,  are  monogamous,  make  their  nests  chiefly 
in  boles  in  trees,  and  bring  forth  helpless  young.  In  many 
respects  the  Parrots  may  claim  to  be  regarded  as  the  highest 
group  of  the  birds. 

The  following  are  the  principal  families  of  the  Psittaci : — 

I.  PlyctolophidcB. — This  group  includes  the  "Cockatoos,"  which  are  ex- 
clusively confined  to  the  Australian  province,  and  are  in  general  easily 
recognised  by  the  possession  of  an  erectile  crest  of  feathers  on  the  head 
(fig.  430). 


Fig.  430. --Head  of  Cockato«. 

2.  PsUtacida, — This  family  includes  the  true  Parrots,  familiarly  exem- 
plified by  the  Grey  Parrot  {Psittacus  erythacus)  of  Africa,  which  is  com- 
monly kept  as  a  domestic  pet.  The  true  Parrots  are  mainly  African,  but 
some  forms  are  found  in  the  Neotropical  province. 

3.  Conurida. — This  family  includes  the  "Macaws"  {,Ara,  &c.),  which 
are  distinguished  by  their  long  tails,  and  are  wholly  confined  to  the  Neo- 
tropical province  and  the  warmer  parts  of  North  America. 
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4.  Platycercida. — The  forms  included  in  this  family  are  nearly  related 
to  the  preceding,  and  are  usually  known  as  '  *  Parrakeets."  The  typical 
members  of  the  group  are  confined  to  the  Australian  province. 

5.  Trichoglossida. — This  family  comprises  the  Brush-tongued  Parrots 
( Trickogiossus)  and  Lories,  all  of  which  are  found  in  the  Australian  prov- 
ince. 

6.  Nestorida, — This  family  comprises  only  the  single  genus  Nestor^  which 
is  confined  to  New  Zealand  and  Norfolk  Island.  The  Philip  Island  Parrot 
{Nestor productus)  has  not  been  found  alive  since  the  year  1851. 

7.  Strigopida. — This  family  includes  only  the  singular  "Kakapo"  or 
**  Owl-parrot "  {Strigops  habroptilus,  fig.  431)  of  New  Zealand.    The  head 


Fig.  431. — The  Owl-Parrot  {^Slrigops  habroptilns\  New  Zealand. 


of  the  Kakapo  is  Owl-like  ;  and  though  its  wings  are  well  developed,,  it 
does  not  appear  to  use  them  for  flight.  In  fact,  the  keel  upon  the  sternum 
is  rudimentary,  and  the  clavicles  are  wanting.  Unlike  the  ordinary  Parrots, 
the  Strigops  is  a  solitary  bird,  which  is  only  active  by  night,  spending  the 
day  in  holes  in  rocks  or  in  burrows  in  the  ground. 

Order  XIV.  Raptores  or  Accipitres. — ^The  **  Birds  of 
Prey,"  which  form  this  order,  are  characterised  by  the  shape  of 
the  bill,  which  is  sharp-edged  and  sharp-pointed,  and  is  adap- 
ted for  killing  animals,  or  for  tearing  up  flesh.  The  upper 
mandible  is  the  longest  (fig.  432),  and  is  strongly  hooked  at  its 
tip.  The  base  of  the  upper  mandible  is  furnished  with  a  fleshy 
"  cere,"  in  which  the  nostrils  are  pierced.  The  body  is  very 
muscular,  and  the  legs  are  usually  short  and  robust,  the  feet 
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being  powerful,  with  three  anterior  toes  and  a  backwardly 
directed  hallux,  all  provided  with  long  curved  claws  or  talons. 
The  wings  are  mostly  pointed,  and  of  considerable  size,  and 
the  flight  is  usually  rapid  and  powerful.  The  clavicles  are 
well  developed,  and  the  sternum  has  a  large  carina.     The 


Fig.  43a. — Head  of  S«a-£agle  {f/aiiaitus\    a  Supraciliary  ridge ;  h  Cere,  in  which  the 
nostrils  are  pierced.    (After  Keulemans.) 

crop  is  present,  except  in  Owls,  and  the  gizzard  is  thin  and 
membranous. 

The  Birds  of  Prey  are  monogamous,  and  the  females  are 
usually  larger  than  the  males.  They  generally  build  their 
nests  in  lofty  and  inaqcessible  situations,  and  rarely  lay  more 
than  four  eggs,  from  which  the  young  are  liberated  in  a  naked 
and  helpless  condition. 

The  Birds  of  Prey  have  been  often  divided  into  the  two 
sections  of  the  Nocturnal  and  Diurnal  Raptores,  but  the 
division  is  not  a  satisfactory  one,  as  some  of  the  Owls  are 
active  by  day.  By  Mr  Bowdler  Sharpe  the  order  is  divided 
into  the  three  primary  divisions  of  the  Striges  (Owls),  the 
Falcones  (Hawks,  Eagles,  Vultures),  and  the  Pandiones  (Os- 
preys),  the  characters  and  chief  groups  of  which  may  be 
briefly  noticed. 

Section  I.  Striges. — Outer  toe  retfersible ;  tibia  twice  as 
long  as  the  tarsus;  body  -  feathers  without  an  after -shaft; 
plumage  sofl;  a  facial  disc  present. 

This  section  includes  only  the  Owls,  the  majority  of  which  are  noc- 
turnal in  their  habits.  The  foot  in  the  Owls  has  the  outer  toe  rever- 
sible, or  capable  of  being  turned  backwards  along  with  the  hallux  (fig. 
433)  A).  The  tarso- metatarsus  is  short,  about  half  the  length  of  the  tibia, 
and  it  is  usuaUy  feathered,  as  also  commonly  are  the  toes.  All  the  toes 
are  furnished  with  powerful  hooked  talons.  The  eyes  are  of  large  size,  and 
are  directed  forwards,  the  feathers  of  the  face  being  disposed  so  as  to  form 
a  complete  or  incomplete  **  disc  "  round  each  eye  (fig.  433,  B).  The  cloth- 
ing-feathers have  no  after-shafts,  and  the  plumage  is  exceedingly  loose  and 
soft,  so  that  the  flight,  even  of  the  large  species,  is  almost  noiseless.  Very 
commonly  the  plumage  is  spotted  or  barred  with  different  shades  of  grey, 
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brown,  or  yellow.  The.  beak  is  strongly  hooked,  and  furnished  at  its  base 
with  bristles,  which  more  or  less  conceal  the  "  cere  "  in  which  the  nostrils 
are  pierced.  The  cranial  bones  are  highly  pneumatic,  and  the  skull  is 
therefore  of  large  size.  Very  often  there  is  an  auricular  tuft  of  feathers 
round  the  external  meatus  auditorius,  which  may  be  further  protected  by  a 
flap  of  skin.     The  oesophagus  is  not  dilated  into  a  crop,  and  the  indiges- 
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Fig.  433.— A,  Foot  ot  the  Long-eared  Owl  (Otus  vulgaris);  B,  Head  of  the  same. 

tible  portions  of  the  food  are  rejected  by  regurgitation  from  the  stomach 
in  the  form  of  small  pellets.  The  Owls  mostly  hunt  the  small  vertebrate 
animals,  which  constitute  their  chief  food,  by  twilight ;  but  there  are 
species  which  hunt  by  day.  The  Owls  have  a  universal  distribution, — 
the  two  commonest  British  species  being  the  Barn  Owl  {Strix  fiammea) 
and  the  Tawny  Owl  {Symium  stridula)^  representing  respectively  the 
two  families  {Sirigida  and  Bubonida)  into  which  Mr  Sharpe  divides  the 
Striges. 

Section  II.  Pandiones. — 0\xttx  ioQ  reversibU ;  tibia  double 
the  length  of  the  tarsus ;  body-feathers  without  an  after-shaft ; 
plumage  compact;  no  facial  disc.  This  section  comprises 
only  the  single  genus  Pandion^  which  approaches  the  Owls  in 
the  possession  of  a  reversible  outer  toe,  the  absence  of  after- 
shafts  to  the  contour-feathers,  and  the  proportions  of  the  tibia 
and  tarso-metatarsus,  while  it  resembles  the  Falcons  in  the 
compact  character  of  the  plumage  and  the  absence  of  a  facial 
disc.  The  only  species  known  is  the  Osprey  or  Fishing- 
eagle  (Pandion  haliaetus)y  which  is  found  almost  all  over  the 
world,  and  lives  entirely  upon  fish. 

Section  III.  Falcones. — Outer  toe  not  reversible;  tibia 
varying  in  length  in  proportion  to  the  tarsus,  sometimes  equal 
to  it,  but  never  double  the  length  of  the  latter ;  body-feathers 
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(except  in  the  Cathartida)  without  after- shafts  j  plumage 
compact  (Bowdler  Sharpe).  This  section  includes  the 
Hawks,  Falcons,  and  Eagles,  the  Old  World  Vultures,  the 
American  Vultures,  and  the  Secretary  Birds,  the  following 
being  the  principal  families : — 

z.  Falconida, — In  this  family  the  head  and  neck  are  always  clothed 
with  feathers,  and  the  eyes  are  more  or  less  sunk  in  the  head,  and  are  pro- 
vided with  a  supraciliaij  ridge  or  eyebrow  (fig.  432).  It  is  to  a  great 
extent  to  the  presence  01  this  ridge  that  these  birds  owe  their  bold  and 
fearless  expression.  The  plumage  is  firm  and  compact,  and  the  contour- 
feathers  have  after-shafts.  The  wings  are  long  and  pointed,  and  the  tarso- 
metatarsus  is  generally  bare,  though  the  leg  is  feathered  to  the  toes  in  the 
great  Bearded  Eagle  or  Lammergeier  {GypcUUus  barbatus).  This  family  is 
divided  into  a  number  of  sub-families,  corresponding,  in  a  general  way, 
with  the  groups  of  Raptorial  birds  commonly  known  as  Hawks,  Buzzards, 
Falcons,  and  Eagles. 

2.  Vulturida, — This  family  includes  the  Vultures  of  the  Old  World, 
characterised  by  the  fact  that  the  head  and  neck  are  naked  or  covered 
only  with  down,  the  eyes  are  without  supraciliary  ridges,  the  nostrils  are 
separated  by  a  bony  septum,  and  the  feathers  have  after-shafts.  The 
Vultures  are  large  carrion-feeding  birds,  which  inhabit  the  hotter  regions 
of  the  Old  World  generally.  Well-known  forms  are  the  Egyptian  Vulture 
{Neophron  percnopterus)^ ,  the  Black  Vulture  (  Vultur  nionachus)^  and  the 
Griffon  Vulture  {Gyps  fulvus). 

3.  Cathariida. — The  "  American  Vultures  "  included  in  this  family  are 
distinguished  from  the  Vultures  of  the  Old  World  by  having  no  after-shafts 
to  the  clothing-feathers,  and  by  the  fact  that  the  nostrils  are  perforated 
from  side  to  side  ;  while  they  agree  with  the  latter  in  the  absence  of  eye- 
brows, and  in  having  the  head  and  upper  part  of  the  neck  unfeathered. 
The  bill  is  not  powerfully  raptorial ;  the  talons  are  blunt  and  little  curved ; 
and  the  gullet  has  a  very  capacious  crop.  The  American  Vultures  feed 
principally  upon  carrion,  and  are  mostly  cowardly  and  comparatively 
sluggish  birds.  The  wings,  however,  are  long  and  strong,  and  they  possess 
great  powers  of  flight.  This  group  comprises  the  Californian  Vulture 
{Cathartes  calif orttianus)  of  Western  North  America,  the  King  Vulture 
{Sarcorhamphus  papa)  of  tropical  America,  and  the  famous  and  gigantic 
Condor  {Sarcorhamphus  gryphus)  of  South  America. 

4.  Gypogeranida, — This  family  includes  only  the  single  genus  Gypoger- 
anus  or  Serpentarius,  comprising  only  the  curious  **  Secretary  Vulture  " 
{S,  secretarius)  of  Africa.  This  singular  bird  differs  from  the  Raptores^ 
generally,  in  the  great  elongation  of  the  legs,  the  lower  part  of  which  is 
naked  and  unfeathered.  The  wings  are  long,  and  are  armed  with  blunt 
spurs.  The  Secretary  Bird  lives  principally  upon  snakes  and  other  reptiles, 
which  it  kills  by  repeated  and  powerful  blows  with  its  feet,  protecting 
itself  the  while  by  its  outspread  wings.  In  many  of  its  characters  the 
Secretary  Bird  differs  from  the  Raptores^  and  its  true  place  in  the  system  is 
still  a  matter  of  dispute  among  ornithologists. 
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DIVISION  III— MAMMALIA. 


CHAPTER    LXIII. 
GENERAL  CHARACTERS  OF  THE  MAMMA U A, 

The  Quadrupeds  or  Mammalia  constitute  the  highest  class 
of  the  Vertebratay  and  may  be  shortly  defined  2S  hot-blooded 
vertebrate  animals  in  which  the  epidermic  exoskeleton  is  in  the 
form  of  hairs  and  never  offeathers^  and  in  which  the  young  are 
nourished  for  a  longer  or  shorter  time  after  birth  by  means  of  a 
special  fluid — the  milk, — secreted  by  special  glands — the  mam- 
mary glands.  These  characters  are  of  themselves  sufficient 
broadly  to  separate  the  Mammals  from  all  other  classes  of  the 
vertebrate  sub-kingdom.  In  addition,  however,  to  these  lead- 
ing peculiarities,  the  Mammals  exhibit  the  following  further 
general  characters  of  scarcely  less  importance : — 

The  skull  articulates  with  the  vertebral  column  by  two 
occipital  condyles. 

The  mandible  consists  of  two  rami,  each  of  which  consists 
of  but  a  single  piece ;  and  the  mandible  further  articulates  with 
the  squamosal  element  of  the  skull  directly,  and  not  by  the 
intervention  of  a  quadrate  bone.  A  corpus  callosum  is  pres- 
ent in  the  brain.  The  heart  is  four-chambered,  the  right  and 
left  sides  of  the  heart  are  completely  separated  from  each 
,  other,  and  the  pulmonary  and  systemic  circulations  only 
communicate  through  the  medium  of  the  capillaries.  The 
red  blood-corpuscles  are  non-nucleated,  and,  with  the  excep- 
tion of  those  of  the  Camelidce^  have  the  form  of  circular  bi- 
concave discs.  There  is  only  one  aorta — the  left — which 
turns  over  the  left  bronchus. 

The  cavities  of  the  thorax  and  abdomen  are  separated  by  a 
complete  muscular  partition  or  diaphragni. 

The  respiratory  organs  are  in  the  form  of  two  lungs  sus- 
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pended  in  the  thorax,  but  none  of  the  bronchi  end  in  air- 
receptacles  distributed  through  the  body. 

The  visceral  arches  of  the  embryo  never  develop  branchiae. 

The  structures  known  as  the  "amnion"  and  **allantois" 
are  always  present  in  the  embryo.  The  allantois,  however, 
either  disappears  at  an  early  period  of  life,  or  it  develops  a 
vascular  organ  which  serves  as  a  means  of  communication 
between  the  maternal  and  foetal  circulations,  and  which  is 
known  as  the  "placenta." 

With  the  exception  of  the  Monotremes,  the  Mammals  are 
all  viviparous. 

The  above  are  the  essential  characters  which  distinguish 
the  Mammalia  as  a  class ;  but  it  is  necessary  to  consider  these, 
and  some  other  points,  in  a  more  detailed  manner. 

With  regard,  in  the  first  place,  to  the  exoskeleton  of  Mam- 
mals, the  most  characteristic  structures  are  the  epidermic 
appendages  known  as  "hairs."  These  are  formed  upon  pap- 
illae of  the  dermis,  sunk  in  saccular  involutions  of  the  skin 
("  hair-follicles  "),  and  they  are  different  from  feathers  in  the 
fact  that  the  producing  papilla  is  not  grooved,  and  the  cap  of 
epidermis  thrown  off  from  it  does  not,  therefore,  split  up  in 
the  process  of  growth.  The  spines  of  such  Mammals  as  the 
Porcupine  and  Hedgehog  are  merely  rigid  hairs.  In  some 
cases,  the  epidermic  appendages  take  the  form  of  horny- 
scales,  as  seen  in  the  large  scales  of  the  Pangolins  (Afam's), 
and  the  small  scales  on  the  tails  of  Mice,  Rats,  and  some 
other  Mammals.  Some  of  the  Cetaceans  appear  to  be  wholly 
without  hair  in  the  adult  state ;  but  most  of  the  apparently 
hairless  Whales  possess  a  small  number  of  scattered  hairs ; 
and  others  {e.g.,  Dolphins)  exhibit  tufts  of  hair  upon  the 
muzzle  in  the  foetal  condition.  Besides  hair,  hardenings  of 
the  epidermis  may  give  rise  to  claws,  hoofs,  and  nails,  or  to 
such  structures  as  the  sheaths  of  the  horns  in  the  Cavicom 
Ruminants.  Except  in  the  case  of  the  Armadillos,  in  which 
an  armour  of  bony  dermal  plates  is  developed,  the  dermis  of 
the  Mammalia  does  not  develop  any  exoskeletal  structures. 

With  regard  to  the  endoskeleton  of  the  Mammalia^  the  fol- 
lowing points  may  be  briefly  noticed : — 

With  the  exception  of  the  Whales  and  Dolphins  {Cetaua\ 
and  the  Dugongs  and  Manatees  (Sirenia),  the  vertebral 
column  is  divisible  into  the  same  regions  as  in  man — name- 
ly, into  a  cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coc- 
cygeal region  (hg.  434).  In  the  Cetacea  and  Sirenia  the  dor- 
sal region  of  the  spine  is  followed  by  a  number  of  verte- 
brae which  compose  the  hinder  extremity  of  the  body,  but 


MAMMALIA.  71/^ 

which  cannot  be  separated  into  lumbar,  sacral,  and  caudal 
vertebrae. 

In  spite  of  the  great  difference  which  is  observable  in  the 
length  of  the  neck   in  different  Mammals,  the   number  of 


Fig.  434.— Skeleton  of  an  Armadillo,  showing  the  regions  of  the  vertebral  column,  c 
Cervical  region  ;  d  Dorsal  region  ;  /  Lumbar  region  ;  s  Sacral  region ;  /  Caudal 
region  or  tail. 

vertebrae  in  the  cervical  region  is  extraordinarily  constant, 
being  almost  invariably  seven,  as  in  man.  In  this  respect 
there  is  no  difference  between  the  Whale  and  the  Giraffe. 
The  only  exceptions  to  this  law  are  the  Manatees  (Manafus), 
which  have  but  six  cervical  vertebrae;  the  three-toed  Sloths 
(Bradypus\  which  are  commonly  regarded  as  possessing  nine, 
though  competent  anatomists  would  refer  the  posterior  two 
of  these  to  the  dorsal  region ;  and  one  of  the  two-toed  Sloths 
( Cholcepus  Hoffmatini)^  which  has  only  six  cervical  vertebrae. 

The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but  they 
vary  from  ten  to  twenty-four.  In  man  there  are  twelve,  in  one 
of  the  Armadillos  only  ten,  and  in  the  two-toed  Sloths  and  the 
Hyrax  the  maximum  is  attained.  The  lumbar  vertebrae  are 
usually  six  or  seven  in  number,  rarely  fewer  than  four.  In 
Man  they  are  five  in  number,  and  they  are  reduced  to  three 
in  the  Great  Ant-eater  (Myrmecophaga)  and  to  two  in  the 
Little  Ant-eater  ( Cyclothurus), 

The  first  vertebra,  or  atlas,  always  bears  two  articular  cavi- 
ties for  the  reception  of  the  two  condyles  of  the  occipital  bone ; 
and  the  second  vertebra,  or  axis,  usually  has  an  "  odontoid  " 
process  on  which  the  head  rotates.  In  the  true  Whales,  how- 
ever, in  which  the  cervical  vertebrae  are  anchylosed  together 
to  a  greater  or  less  extent,  and  the  neck  is  immovable,  the 
odontoid  process  is  also  wanting. 
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In  almost  all  Mammals  the  spinous  processes  of  the  dorsal 
vertebrae  are  very  largely  developed  for  the  attachment  of  the 
structure  which  is  known  as  the  ligamentum  nucha.  This  is  a 
great  band  of  elastic  fibrous  tissue,  which  is  attached  in  front 
to  the  occipital  bone  and  spinous  processes  of  the  cervical 
vertebrae,  and  which  relieves  the  muscles  of  the  task  of  sup- 
porting the  head  in  those  Mammals  which  progress  with  the 
body  in  a  horizontal  position.  The  development  of  the  iiga- 
tnentum  nucha  is  consequently,  as  a  rule,  proportionate  to  the 
size  of  the  head  and  the  length  of  the  neck.  In  Whales  no 
such  apparatus  is  necessary,  owing  to  the  fixation  of  the 
cervical  vertebrae  by  anchylosis ;  and  in  Man,  who  walks  erect, 
the  ligamentum  nucha  can  hardly  be  said  to  exist  as  a  distinct 
structure,  being  merely  represented  by  a  band  of  fascia. 

The  number  of  lumbar  and  sacral  vertebrae,  as  we  have 
seen,  varies  in  different  Mammals ;  but  ordinarily  some  of  the 
vertebrae  are  anchylosed  into  a  single  bone,  and  have  the  iliac 
bones  abutting  against  them,  thus  constituting  the  "  sacrum  " 
of  human  anatomists.  In  the  Cetacea  and  Sirenia^  in  which 
the  hind-limbs  are  wanting,  and  the  pelvis  rudimentary,  there 
is  no  "  sacrum." 

The  thoracic  cavity  or  chest  in  Mammals  is  always  enclosed 
by  a  series  of  ribs,  the  number  of  which  varies  with  that  of  the 
dorsal  vertebrae.  In  most  cases  each  rib  articulates  by  its 
head  with  the  bodies  of  two  vertebrae,  and  by  its  tubercle  with 
the  transverse  process  of  one  of  these  vertebrae  (the  lower  one). 
In  the  Monotremata  (e.gy  the  Duck-mole),  the  ribs  articulate 
with  the  body  of  the  vertebra  only ;  and  in  the  Whales,  the 
hindermost  of  the  ribs,  or  all  of  them,  articulate  with  the  trans- 
verse processes  only,  and  not  with  the  centra  at  all. 

There  are  usually  no  bony  pieces  uniting  the  ribs  with  the 
sternum  or  breast-bone  in  front,  as  in  Birds ;  but  the  so-called 
*'  sternal  ribs "  of  Aves  are  represented  by  the  "  costal  carti- 
lages "  of  the  Mammals.  In  some  cases,  however,  the  carti- 
lages of  the  ribs  do  become  ossified  and  constitute  sternal 
ribs.  Sometimes,  as  in  the  Armadillos,  there  is  a  joint  be- 
tween the  vertebral  ribs  and  sternal  ribs.  More  rarely,  as  in 
the  Monotremes  (fig.  441,  D),  an  intermediate  piece  is  found 
between  the  vertebral  and  sternal  portions  of  the  rib.  Only 
the  anterior  ribs  reach  the  sternum,  and  these  are  called  the 
"  true  "  ribs ;  the  posterior  ribs,  which  fall  short  of  the  breast- 
bone, being  known  as  the  "  false  "  ribs. 

The  sternum  or  breast-bone  (fig.  435)  is  formed  of  several 
pieces  placed  one  behind  the  other,  but  usually  anchylosed 
together  to  form  a  single  bone.     It  is  placed  upon  the  ventral 
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surface  of  the  body,  and  is  united  with  the  vertebral  column 
by  the  ribs  and  their  cartilages.  It  is  generally  a  long  and 
narrow  bone,  but  in  the  Cetacea  it  is  broad.  It  is  only  in  some 
burrowing  animals  (such  as  the  Moles)  and  in  the  true  flying 
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^')%-  435- —A,  Sternum  of  Man,  with  th«  costal  cartilages.     B,  Sternum  and  costal  car- 
tilages of  the  Dog :  /  Prastemum  ;  m  Mesosternum ;  x  Xiphisternum. 

Mammals  (the  Bats),  that  the  sternum  is  provided  with  any 
ridge  or  keel  for  the  attachment  of  the  pectoral  muscles,  as 
it  is  in  Birds.  The  sternum  is  primitively  composed  of  three 
pieces,  an  anterior  piece  or  prasternumy  a  middle  piece  or 
mesosternum^  and  a  posterior  piece  or  xiphisternum.  The 
praesternum  is  the  "manubrium  sterni"  of  human  anatomy, 
and  is  the  portion  of  the  sternum  which  lies  in  front  of  the 
attachment  of  the  second  pair  of  ribs.  All  the  other  ribs  are 
connected  with  the  mesosternum.  The  xiphisternum  is  the 
"xiphoid  cartilage"  of  human  anatomy,  and  it  commonly 
remains  throughout  life  more  or  less  unossified.  In  the  Mono- 
tremes  there  is  a  T-shaped  bone  above  or  in  front  of  the 
presternum,  but  this  is  to  be  regarded  as  belonging  to  the 
shoulder-girdle,  and  as  representing  the  "epistemum"  or 
"  interclavicle  "  of  the  Reptiles. 

The  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior ;  and  hence  they  are  often  spoken 
of  as  ''  quadrupeds,"  though  all  the  limbs  are  not  universally 
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present,  and  other  animals  have  four  limbs  as  well.  The  ante- 
rior limbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Ceiacea  and  Sirenia, 
which  are  hence  sometimes  spoken  of  as  the  "mutilated 
Mammals.'' 

As  regards  the  structure  of  the  anterior  limb,  the  chief  points 
to  be  noticed  concern  the  means  by  which  it  is  connected  with 
the  trunk.  The  scapula  or  shoulder-blade  is  never  absent,  and 
it  is  in  the  form  of  a  broad  flat  bone  (rarely  long  and  narrow), 
applied  to  the  outer  aspect  of  the  ribs,  and  much -more  devel- 
oped than  in  the  Birds.  The  coracoid  bone,  which  forms  such 
a  marked  feature  in  the  scapular  arch  of  Aves^  is,  in  the 
majority  of  Mammals,  fused  with  the  scapula,  of  which  it 
forms  the  "coracoid  process."  In  the  Monotremes  only  is 
the  coracoid  a  separate  bone  which  articulates  with  the  top 
of  the  sternum.  The  collar-bones  or  clavicles  never  unite  in 
any  Mammal  to  form  a  "furcula,"  as  in  Birds;  but  in  the 
Monotremes  they  unite  with  an  "  interclavicle "  placed  in 
front  of  the  sternum.  The  clavicles,  in  point  of  fact,  are  not 
present  in  a  well-developed  fonn  in  any  Mammals  except  in 
those  which  use  the  anterior  limbs  in  flight,  in  digging,  or  in 
prehension.  The  Cetacea^  the  Hoofed  Quadrupeds  ( 6^«^&/a), 
and  some  of  the  Edentatdy  have  no  clavicles.  Many  of  the 
Carnivora  and  some  Rodents  possess  an  imperfect  clavicle, 
which  does  not  articulate  with  the  top  of  the  sternum.  The 
Insectivorous  Mammals,  many  of  the  Rodents,  the  Bats,  and 
all  the  Monkeys,  have  (with  Man)  a  perfect  clavicle  articulat- 
ing with  the  anterior  end  of  the  sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  {prachium)^  is 
never  wanting,  but  it  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles.  In 
some  Mammals,  as  in  certain  Monkeys,  and  in  the  Feiida  (con- 
stituting the  most  typical  group  of  the  Carnivora),  the  median 
nerve  and  brachial  artery  are  protected  on  their  way  down  the 
arm  by  a  canal  placed  a  little  above  the  elbow,  and  formed  by 
a  process — the  "  supracondyloid  "  process — which  is  some- 
times present  in  man  as  an  abnormality. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are 
recognisable,  but  they  are  not  necessarily  distinct;  and  the 
radius,  as  being  the  bone  which  mainly  supports  the  hand,  is 
the  only  one  which  is  always  well  developed,  the  ulna  being 
often  rudimentary.  The  condition  of  the  ulna,  indeed,  varies 
much,  even  in  the  limits  of  a  single  order.  Thus  some 
Ungulates  {e.g,^  Pig)  have  a  complete  ulna,  while  in  others 
(Ruminants)  the  ulna  is  rudimentary,  or,  as  in  Camels,  is 
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anchylosed  with  the  radius.  In  the  flying  Mammals  or  Bats, 
the  ulna  is  hardly  recognisable,  being  reduced  to  its  upper 
third  and  fused  with  the  radius.  The  fore-arm  attains  its 
greatest  perfection  in  man,  in  whom  the  radius  can  rotate 
upon  the  ulna,  so  as  to  allow  the  back  of  the  hand  to  be 
placed  upwards  or  downwards,  these  movements  being  known 
respectively  as  "pronation"  and  "supination."  In  the 
Monkeys  only  is  there  any  approach  to  this  power  of 
rotation. 

The  condition  of  the  bones  of  the  wrist  or  "  carpus  "  departs 
considerably  from  what  it  is  in  its  most  generalised  form. 
The  typical  arrangement  of  the  carpus  (fig.  436)  is  that  there 
should  be  a  proximal  row  of  carpals 
and  a  distal  row  of  carpals,  separ- 
ated by  a  single  bone  ("os  cen- 
trale")  placed  between  the  two. 
The  upper  or  proximal  row  of  car- 
pals should  consist  of  a  radial  car- 
pal, an  ulnar  carpal,  and  an  inter- 
mediate carpal  (fig.  436,  r,  w,  /). 
The  lower  or  distal  row  should 
consist  of  five  carpals,  carrying  the 
five  metacarpals  of  the  digits.  In 
the  Mammalian  carpus,  though  the 
above  general  type  is  readily  recog- 
nisable, the  central  bone  of  the 
carpus  is  commonly  wanting,  and 
the  4th  and  5  th  carpals  of  the 
distal  row  of  carpals  always  an- 
chylose  with  one  another  to  form 
a  single  bone  (the  "  unciform "). 
Moreover,  it  is  usual  to  find  a 
sesamoid  bone  (the  "pisiform"  ^;*??!?itraj 
bone)  developed  upon  the  ulnar  five  carpals  of 
side  of  the  proximal  row  of  carpals, 
and  a  corresponding  sesamoid  bone 
may  be  developed  upon  the  radial 
side  of  the  same  row. 

The  normal  number  of  digits  in  the  manus  is  five,  and 
though  this  number  is  often  reduced,  it  is  never  exceeded. 
The  number  of  metacarpals  corresponds  with  that  of  the  digits, 
though  this  condition  of  parts  may  be  obscured  by  anchylosis. 
Thus,  in  the  Ruminants  generally  (fig.  437),  in  which  the 
manus  has  only  two  functional  toes  (the  3d  and  4th),  there 
appears  to  be  only  a  single  elongated  metacarpal  (the  "  can- 

2  Z 


Fig.  436. — Right  manus  of  a  C!helo- 
nian  {Chelydra)^  viewed  dorsally, 
(after  Gegenbaur).  ra  Radius ; 
ul  Ulna ;  r  Radial  carpal ;  u  Ul- 
Intermediate  car- 
carpal  ;  1-5.  The 
rpals  of  the  distal  row,  cor- 
responding with  the  five  digits  ; 
m  m  Metacarpals ;  /  >  First  row 
of  phalanges,  i.  Poliex  ;  ii.  In- 
dex; III.  Sledius;  iv.  Annularis; 
V.  Minimus. 
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non-bone  ").  This  consists,  however,  in  reality  of  the  3d  and 
4th  metacarpals,  which  are  distinct  from  one  another  in  the 
embryo,  but  become  fused  with  one  another  in  the  adult.  On 
the  other  hand,  in  the  Horse  (fig.  438),  in  which  the  only 


Fi 


'ig-  437— A,  Forc-lcg  of  Ox  {Bos  taurus).  B, 
Hind-leg  of  Stag  (Cervus  elaphus).  ca  Carpus ; 
ia  Tarsus  ;  c  "  Cannon-bone,"  composed  of  the 
united  metacarpals  or  metatarsals  of  the  3d  and 
4th  digits. 


Fig.  438. — Fore-leg  of  Horse. 
ca  Carpus;  wr  Metacarpal 
of  the  tnird  di^it ;  s  "Splint 


bone,"  or  rudimentary  met- 
acarpal; X.  First  phalanx, 
or  "ffreat  pastern";  3. 
Second  phalanx,  or  **  small 
pastern  '  ;  \,  Third  phalanx, 
or  "coflSn-Done." 


functional  toe  is  the  3d,  the  so-called  "cannon-bone"  is 
really  a  single  bone,  and  is  the  greatly  elongated  3d  meta- 
carpal. The  so-called  "  splint-bones  "  of  the  Horse  (fig.  438,  s) 
represent   the  rudimentary   metacarpals   of  the  2d  and  4th 
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digits,  but  they  only  have  the  form  of  long  spines  placed 
behind  the  upper  end  of  the  great  3d  metacarpal. 

While  the  normal  number  of  five  digits  to  the  manus  is  never 
exceeded,  many  Mammals  have  fewer  than  this  number.  The 
digit  which  is  most  liable  to  undergo  suppression  is  the  inner- 
most digit — the  thumb  or  "  poUex."  This  digit  is  wanting  in 
all  existing  types  of  the  Ungulate  Mammals.  The  digit  which 
shows  the  next  greatest  liability  to  suppression  is  the  outer- 
most digit  of  the  hand — the  litde  finger,  or  "  minimus."  When 
this  digit  is  wanting  as  well  as  the  poUex,  the  manus  becomes 
three-toed,  as  in  the  Rhinoceroses.  Should  further  reduction 
take  place,  the  next  digit  to  be  suppressed  is  again  the  radial 
or  inner  digit— viz.,  the  "  index "  or  forefinger.  The  manus 
thus  comes  to  consist  only  of  the  3d  and  4th  toes,  as  in  some 
Ruminants.  [These  are  the  two  functional  toes  in  all  Rumin- 
ants, but  the  2d  and  4th  are  often  present  in  a  rudimentary 
form.]  Should  still  further  reduction  take  place,  it  is  now  the 
ulnar  or  outer  digit  which  disappears — viz.,  the  ring-finger 
or  "annularis."  The  manus  thus  may  become  reduced  to 
the  3d  or  middle  finger  ("  medius ")  only,  a  state  of  things 
which  occurs  in  the  Horse  (fig.  438). 

Normally  each  digit  has  three  phalanges,  except  the  thumb, 
which  has  only  two.  In  the  Whales  and  Dolphins  {Cetacea\ 
in  which  the  anterior  limbs  form  swimming-paddles  very  like 
those  of  the  Ichthyosaurus  and  PlesiosauruSy  the  phalanges  are 
considerably  increased  in  number,  as  they  are  in  those  Reptiles. 
In  all  the  Mammalia,  too,  except  the  Cetacea,  it  is  the  general 
rule  that  the  terminal  phalanx  in  each  digit  should  carry  a  nail, 
claw,  or  hoof. 

While  the  anterior  limbs  are  never  absent  in  any  Mammal, 
the  posterior  limbs  may  be  wanting,  or  represented  only  by  in- 
ternal rudiments — this  occurring,  however,  only  in  the  Cetacea 
and  Sirenia,  Generally  speaking,  however,  the  hind-limbs 
and  their  arches  are  completely  developed.  The  two  halves 
of  the  pelvis — the  ossa  innominata — consist  each  of  three 
pieces  in  the  embryo — viz.,  the  ilium,  ischium,  and  pubes — 
which  meet  to  form  the  cup-shaped  cavity  known  as  the  "  acet- 
abulum," with  which  the  head  of  the  thigh-bone  articulates. 
In  the  adult  Mammal  (except  in  Monotremes)  these  three  bones 
are  anchylosed  together ;  and  the  two  ossa  innominata  gener- 
ally unite  in  front  by  means  of  a  symphysis,  constituted  either  by 
a  cartilaginous  union  (synchondrosis),  or  by  merely  ligamentous 
attachment.  In  some  Mammals,  however,  such  as  the  Mole, 
and  many  of  the  Bats,  the  pubic  bones  remain  disunited  during 
life.     As  a  rule,  also,  the  ossa  innominata  are  firmly  united 
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with  the  vertebral  column.  In  the  Cetaceans,  in  which  the 
hind-limbs  are  wanting  or  rudimentary,  and  there  is  no  sacrum, 
the  innominate  bones  are  rudimentary,  and  are  not  attached 
in  any  way  to  the  spine. 

In  Marsupials  and  Monotremes  are  found  two  small  slender 
bones  (rarely  cartilages)  attached  to  the  brim  of  the  pelvis,  and 
known  as  the  "marsupial  bones."  These  do  not  belong  to 
the  proper  skeleton,  but  are  ossifications  of  the  internal  tendons 
of  the  "external  oblique"  muscles  of  the  abdomen. 

As  regards  the  structure  of  the  hind-limb  in  Mammals,  the 
thigh-bone  or  femur  articulates  with  the  pelvis,  usually  at  a 
very  open  angle.  In  Man  it  is  distinguished  by  being  the 
longest  bone  of  the  body,  and  by  having  the  axis  of  its  shaft 
nearly  parallel  to  that  of  the  vertebral  column.  In  most  Mam- 
mals the  femur  is  relatively  shorter,  and  the  axis  of  its  shaft 
deviates  considerably  from  that  of  the  spine,  being  sometimes 
at  right  angles,  or  even  at  an  acute  angle. 

Of  the  bones  of  the  leg  proper  {crus)  the  tibia  corresponds  to 
the  radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tarsus ; 
and  the  fibula  is  the  representative  of  the  ulna.  The  articula- 
tion between  the  tibia  and  fibula  on  the  one  hand,  and  the 
femur  on  the  other,  constitutes  the  "  knee-joint,"  which  is  usu- 
ally defended  in  front  by  the  "  knee-pan "  or  patella,  a  large 
sesamoid  bone  developed  in  the  tendons  of  the  great  extensor 
muscles  of  the  thigh.  The  patella  is  of  small  size  in  the  Car- 
nivora,  but  does  not  appear  to  be  wanting  in  any  Mammals 
except  in  some  of  the  Marsupials.  In  many  cases  the  tibia 
and  fibula  are  anchylosed  towards  their  distal  extremities.  In 
the  Horse  the  fibula  has  much  the  same  character  as  in  Birds, 
being  a  long  splint-like  bone  which  only  extends  about  half-way 
down  the  tibia.  In  the  Ruminants  the  reverse  of  this  obtains, 
the  upper  portion  of  the  fibula  being  absent,  and  only  its  lower 
extremity  present. 

The  tarsus  is  constructed  upon  the  same  general  plan  as  the 
carpus,  consisting,  in  its  most  generalised  form,  of  a  proximal 
row  of  tarsals,  a  distal  row  of  tarsals,  and  a  central  tarsal  between 
the  two  rows.  The  proximal  row  of  tarsals  in  the  Mammals 
never  consists,  however,  of  more  than  two  bones  (the  "  astra- 
galus "  and  "  calcaneum "),  the  intermediate  tarsal  being  lost 
by  fusion  with  one  of  the  others.  The  proximal  and  distal 
rows  of  tarsals  are  separated  on  the  inner  side  of  the  foot  by 
the  "  scaphoid  "  or  "  navicular"  bone,  probably  representing  the 
"  OS  centrale  " ;  and  there  are  never  more  than  four  tarsals  (the 
internal,  middle,  and  external  "  cuneiform  "  bones,  and  the 
"  cuboid  ")  in  the  distal  row. 
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The  hind-foot,  or  peSy  consists  normally  of  five  digits  con- 
nected with  the  distal  tarsal  bones  by  means  of  five  metatarsal 
bones.  Very  commonly,  the  number  of  the  metatarsals  and 
digits  is  reduced  below  the  normal  standard,  and  in  such  cases 
the  reduction  very  generally  takes  place  in  a  manner  corre- 
sponding to  that  which  obtains  in  the  manus.  The  digit  which 
is  most  commonly  suppressed  is  the  innermost  or  "great  toe  " 
{hallux)^  and  this  digit  is  wanting  in  all  existing  types  of  the 
Ungulate  Mammals.  Though  the  number  of  digits  in  the  pes 
is  very  commonly  the  same  as  that  in  the  manus,  this  is  by  no 
means  invariably  the  case.  The  hallux  is  not  uncommonly 
{e.g,y  in  the  Primates  generally)  "  opposable  "  to  the  other  digits, 
so  that  the  pes  can  be  used  as  a  prehensile  hand. 

In  the  Mammalia  generally  the  bones  of  the  skull  are  united 
to  one  another  by  distinct  sutures.  In  the  Monotremes  (Duck- 
mole  and  Echidna),  however,  the  cranial  bones  early  become 
anchylosed  with  one  another,  as  is  the  case  in  Birds.  The 
occipital  bone  carries  two  condyles  for  articulation  with  the 
first  cervical  vertebra.  Very  generally,  also,  the  exoccipitals 
carry  longer  or  shorter,  downwardly-projecting  bony  processes 
("  paroccipital  processes  ").  The  two  rami  of  the  mandible  are 
generally  united  with  one  another  by  suture ;  but  in  some  cases 
complete  anchylosis  takes  place.  The  mandibular  ramus  is 
always  composed  of  a  single  bone,  and  it  articulates  directly 
with  the  squamosal  element  of  the  skull,  or,  in  other  words, 
with  the  squamous  portion  of  the  temporal  bone.  The 
quadrate  bone  never  takes  any  part  in  the  articulation  of  the 
mandible,  but  is  withdrawn  within  the  auditory  capsule,  and 
constitutes  the  "  malleus,"  while  another  of  the  auditory  ossicles 
(the  "incus")  corresponds  with  the  " hyomandibulaur  bone" 
of  Fishes  and  the  "columella  auris"  of  Reptiles. 

Teeth  are  present  in  the  great  majority  of  Mammals ;  but 
they  are  only  present  in  the  embryo  of  the  whalebone  Whales, 
and  are  entirely  absent  in  the  genera  Echidna^  ManiSy  and 
Myrmecophaga,  In  the  Duck-mole  {Omithorhynchus)  the  so- 
called  teeth  are  homy,  and  the  same  was  the  case  in  the  extinct 
Rhytina  amongst  the  Sirenia.  In  all  other  Mammals  the  teeth 
have  their  ordinary  structure  of  dentine,  enamel,  and  cement  or 
crusta  petrosa,  these  elements  being  variously  disposed  in  differ- 
ent cases,  and  the  enamel  being  occasionally  wanting.  In  no 
Mammals  are  the  teeth  ever  anchylosed  with  the  jaw ;  and  in  all, 
the  teeth  are  implanted  into  distinct  sockets  or  alveoli,  which, 
however,  are  very  imperfect  in  some  of  the  Cetacea,  In  no 
Mammals,  further,  are  teeth  ever  developed  in  any  other  bones 
except  the  pnemaxillss,  maxillae,  and  mandible. 
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Many  Mammals  have  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  "  monophyodont"  In 
most  cases,  however,  the  first  set  of  teeth — called  the  "  milk  " 
or  "  deciduous  "  teeth — is  replaced  in  the  course  of  growth  by 
a  second  set  of  "  permanent "  teeth.  The  deciduous  and  per- 
manent sets  of  teeth  do  not  necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  nwre  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen 
"diphyodont." 

In  Man  and  many  other  Mammals  the  teeth  are  divisible 
into  four  distinct  groups,  which  differ  from  one  another  in 
position,  appearance,  and  function;  and  which  are  known 
respectively  as  the  incisors^  canines^  pramolarSy  and  molars 
(fig.  439).  "Those  teeth  which  are  implanted  in  the  prae- 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower 
jaw,  are  called  'incisors,'  whatever  be  their  shape  or  size. 
The  tooth  in  the  maxillary  bone  which  is  situated  at  or  near 
to  the  suture  with  the  praemaxillary,  is  the  '  canine/  as  is  also 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
front  of  its  crown  when  the  mouth  is  closed.    The  other  teeth 


Fig.  439.— Teeth  of  the  right  side  of  the  lower  jaw  of  the  Chimpanzee— {after  OwenX 
i  lucisors ;  c  Canine  tooth;  /m  Praemolars;  m  Molars. 

of  the  first  set  are  the  *  deciduous  molars ' ;  the  teeth  which 
displace  and  succeed  them  vertically  are  the  *  praemolars ' ; 
the  more  posterior  teeth,  which  are  not  displaced,  by  vertical 
successors,  are  the  'molars'  properly  so  called"  (Owen). 
The  deciduous  dentition,  therefore,  of  a  diphyodont  Mammal 
consists  of  only  three  kinds  of  teeth — incisors,  canines,  and 
molars.     The  incisor  and  canine  teeth  of  the  deciduous  set 
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are  replaced  by  the  teeth  which  bear  the  same  names  in  the 
permanent  set  The  deciduous  "molars,"  however,  are  re- 
placed by  the  permanent  "  prsemolars,"  and  the  "  molars  "  of 
the  permanent  set  of  teeth  are  not  represented  in  the  decid- 
uous series,  only  existing  once,  and  not  being  replaced  by 
successors.  It  has,  however,  been  shown  that  in  some  diphyo- 
dont  Mammals  there  may  be  certain  of  the  anterior  maxillary 
teeth  in  the  permanent  dentition,  which  are  not  represented 
by  any  predecessors  in  the  deciduous  series.  This  is  the  case, 
for  example,  with  the  first  prsemolar  of  the  Dog. 

All  these  four  kinds  of  teeth  are  not  necessarily  present  in 
all  Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 
the  teeth  are  amongst  the  most  important  of  the  distinctions  by 
which  the  Mammalian  orders  are  separated  from  one  another. 
The  variations  which  exist  in  the  number  of  teeth  in  different 
Mammals  are  usually  expressed  by  a  "  dental  formula,"  which 
presents  the  "dentition"  of  both  jaws  in  a  condensed  and 
easily  recognised  form. 

According  to  Owen,  the  typical  permanent  dentition  of  a 
diphyodont  Mammal  would  be  expressed  by  the  following 
formula : — 

Z—l         I— I  4—4         3—3 

The  four  kinds  of  teeth  are  indicated  in  such  a  formula  by  the 
letters — incisors  /,  canines  Cy  praemolars  pm^  molars  tn.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw ; 
those  in  the  lower  line  stand  for  those  in  the  lower  jaiw; ;  and 
the  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  short  dashes  between  the  figures. 

As  regards  the  digestive  system  of  the  Mammalia^  salivary 
glands  are  present  in  all  except  the  true  Cetacea,  The  ali- 
mentary canal  has  in  most  cases  essentially  the  same  structure 
as  in  man;  and  the  same  accessory  glands  are  present — 
namely,  the  liver  and  pancreas.  Some  very  remarkable  modi- 
fications occur  in  the  structure  of  the  stomach  and  in  the 
termination  of  the  intestine;  but  these  will  be  noticed  in 
speaking  of  the  orders  in  which  they  occur.  The  cavity  of 
the  abdomen  is  always  separated  from  that  of  the  thorax  by  a 
complete  muscular  partition — the  diaphragm — as  is  the  case 
in  no  other  Vertebrate  animals.  The  abdomen  contains  the 
greater  portion  of  the  alimentary  canal,  the  liver,  spleen, 
pancreas,  kidneys,  and  other  organs.  The  thorax  mainly 
holds  the  heart  and  lungs. 

The  fuart  is  contained  in  a  serous  bag,  the  pericardium, 
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and  consists  (as  in  Birds)  of  two*  auricles  and  two  ventricles. 
The  effete  and  deoxygenated  blood  is  returned  from  the 
tissues  by  the  veins,  and  is  conducted  by  the  venae  cavae  to 
the  right  side  of  the  heart,  into  the  right  auricle.  From  the 
right  auricle  it  passes  into  the  right  ventricle,  whence  it  is 
propelled  through  the  pulmonary  artery  to  the  lungs.  Hav- 
ing been  submitted  to  the  action  of  the  air,  the  blood,  now 
arterialised,  is  carried  by  the  pulmonary  veins  to  the  left 
auricle,  and  thence  into  the  left  ventricle.  From  the  left 
ventricle  the  aerated  blood  is  driven  through  the  aorta  and 
systemic  vessels  to  all  parts  of  the  body.  In  Mammals, 
therefore,  as  in  Birds,  the  pulmonary  and  systemic  circula- 
tions are  altogether  distinct  and  separate  from  one  another. 
The  two  sides  of  the  heart — except  in  the  foetus  and  as  an 
abnormality  in  adults  —  have  no  communication  with  one 
another  except  by  means  of  the  capillaries. 

The  red  blood-corpuscles  are  never  nucleated,  and  in  all 
except  the  Camelida  (in  which  they  are  oval)  they  are  circular 
and  discoid. 

The  lungs  of  Mammals  differ  from  those  of  Birds  in  being 
freely  suspended  in  the  thoracic  cavity,  the  greater  part  of 
which  they  fill,  and  in  being  enclosed  freely  in  a  serous  sac 
{^pleura)  which  envelops  each  lung.  The  lungs  are  minutely 
cellular  throughout,  and  the  bronchi  never  open  on  the  sur- 
face of  the  lung  into  a  series  of  air-receptacles  communicating 
with  one  another,  and  placed  in  different  parts  of  the  body, 
as  is  the  case  in  Birds. 

There  is  no  "inferior  larynx"  in  any  Mammal,  and  the 
upper  aperture  of  the  true  larynx  is  always  protected  by  an 
epiglottis. 

The  kidneys  in  Mammals  are  situated  in  the  lumbar  region, 
and  exhibit  a  division  of  their  substance  into  cortical  and 
medullary  portions. 

The  nervous  system  of  Mammals  is  chiefly  remarkable  for 
the  great  proportionate  development  of  the  cerebral  mass  as 
compared  with  the  size  of  the  spinal  cord.  In  the  higher 
Mammals,  again,  the  hemispheres  of  the  cerebrum  are  much 
more  largely  developed  proportionately  than  the  remaining 
parts  of  the  brain.  The  brain  of  the  Mammals  is  chiefly  dis- 
tinguished from  that  of  the  lower  Vertebrata  by  the  fact  that 
the  two  hemispheres  of  the  cerebellum  are  united  by  a  trans- 
verse commissure — the  pons  Varolii ;  and  the  hemispheres 
of  the  cerebrum  are  connected  by  a  great  commissure — ^the 
corpus  callosum — which  is,  however,  of  small  size  in  the  lower 
Mammalia, 
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The  senses,  as  a  rule,  attain  great  perfection  in  the  Mam- 
mals; and  the  only  sense*  which  appears  to  be  ever  entirely 
wanting  is  that  of  vision.  The  sclerotic  coat  of  the  eye  is 
never  supported  by  a  ring  of  bony  plates  as  in  Birds  and  many 
Reptiles.  As  a  rule,  in  addition  to  the  upper  and  lower  eye- 
lids there  is  a  third  perpendicular  lid — the  membrana  nictitans 
— but  this  is  wanting  or  quite  rudimentary  in  Man  and  in  the 
Monkeys. 

An  external  ear  or  concha  for  collecting  the  vibrations  of 
sound  is  usually  present,  but  is  wanting  in  the  Cetacea,  many 
of  the  Seals,  and  in  some  other  cases. 

As  regards  the  reproductive  organs,  there  are  two  ovaries 
in  the  female,  and  the  oviducts  are  known  as  the  "  Fallopian 
tubes."  The  oviducts  are  not  directly  continuous  with  the 
ovaries,  and,  except  in  Monotremes,  their  internal  extremities 
are  widely  dilated  and  fimbriated.  On  its  way  to  the  surface 
each  oviduct  dilates  into  a  uterine  cavity,  which  in  turn 
opens  into  a  vaginal  tube.  In  the  Monotremes,  or  "  Omitho- 
delphous"  Mammals,  the  uterine  dilatations  of  the  oviducts 


Fig.  440i->A,  Generative  organs  of  the  female  Orruthorkynchus^  (after  Owen).  B, 
Female  generative  organs  of  a  Kangaroo  {Halmaturus)y  after  Gegenbaur.  ov  Ovary ; 
od  Oviduct ;  ut  Uterus ;  os  Os  uteri,  or  opening  of  the  uterus ;  ur  Ureter ;  bl 
Bladder ;  »/  Opening  of  the  ureter ;  us  Urogenital  sinus ;  va  Vagina ;  vc  Csrcal 
diverticulum  of  vagina ;  re  Rectum  ;  cl  Cloaca. 

(fig.  440,  A,  ut)  not  only  remain  permanently  separate,  but 
they  open  separately  into  a  common  chamber  or  "urogenital 
sinus"  (fig.  440,  A,  us\  into  which  the  ureters  also  open 
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The  urogenital  sinus,  in  turn,  opens  into  a  ''cloaca,*'  into 
which  the  intestine  also  opens.  In  the  Marsupials,  again, 
or  "  Didelphous  "  Mammals,  the  two  uteri  remain  distinct  (fig. 
440,  B,  «/),  and  they  open  into  two  vaginae  {va)  which  are 
united  mesially  above  and  give  off  a  long  caecal  diverticulum 
(vc),  but  are  separate  inferiorly.  The  two  vaginae  open  into 
a  "  urogenital  sinus  "  (us),  into  which  the  bladder  also  empties 
itself.  On  the  other  hand,  the  urogenital  canal  in. the  Mar- 
supials opens  separately  from  the  intestine,  and  there  is 
no  cloaca.  In  tlie  ordinary  or  "  Monodelphous  "  Mammals, 
again,  the  two  uterine  dilatations  of  the  oviducts  coalesce  with 
one  another  inferiorly,  and  the  vagina  is  single.  In  most 
cases  this  coalescence  is  incomplete,  the  uteri  being  com- 
bined in  their  lower  portion  only,  and  separating  above  into 
two  horns  or  "comua,"  which  mark  their  original  separate- 
ness.  Only  in  the  higher  Monkeys  and  in  the  human  subject 
have  the  two  uteri  entirely  coalesced  to  form  a  completely 
single  cavity,  into  the  "  fundus  "  of  which  the  Fallopian  tubes 
open.  In  male  Mammals  there  are  always  two  testes  present 
In  many  Mammals  the  testes  are  permanently  retained  in  the 
abdominal  cavity,  and  there  is  no  scrotum.  This  is  the  case 
in  the  Monotremes,  the  Elephants,  all  the  Cetaceoy  and  many 
of  the  Edentata,  Mostly,  however,  the  testes  at  an  early 
period  of  life  are  transferred  from  the  abdomen  to  a  pouch  of 
integument  called  the  "scrotum."  Usually  the  scrotum  is 
placed  beneath  the  pubic  arch  and  behind  the  penis,  but  this 
position  is  reversed  in  the  Marsupials. 

Mammary  glands  are  present  in  all  Mammals,  and  they  are 
regarded  by  Huxley  as  an  extreme  modification  of  the  cutane- 
ous sebaceous  glands.  In  the  male  Mammals  the  mammary 
glands  are  present,  but,  under  all  ordinary  circumstances,  they 
remain  functionally  useless  and  undeveloped.  Considerable 
differences  obtain  as  to  the  number  and  position  of  the  mam- 
mary glands  in  different  cases ;  but  they  are  always  placed  on 
the  inferior  surface  of  the  body,  and  their  ducts  in  the  great 
majority  of  cases  open  collectively  upon  a  common  elevation 
— the  "  teat "  or  "  nipple."  In  the  Monotremata,  however, 
there  are  no  nipples,  the  ducts  of  the  mammary  glands  open- 
ing either  into  a  pouch  of  the  integument  {Echidna)  or  upon  a 
flat  surface  {Ornithorhynchus), 

The  young  Mammal  is  nourished  for  a  longer  or  shorter 
time  by  the  milk  secreted  by  the  mammary  glands  of  the 
mother.  In  ordinary  cases  the  milk  is  obtained  by  voluntary 
suction  on  the  part  of  the  young  animal ;  but  in  the  Marsupials 
the  young  are  at  first  unable  to  suck  for  themselves,  and  the 
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milk  is  forced  out  of  the  gland  by  the  contraction  of  a  special 
muscle. 

The  Monotremes  (Duck-mole  and  Echidna)  are  now  known 
to  be  an  exception  to  the  Mammals  generally  in  the  fact  that 
they  do  not  bring  forth  their  young  alive,  but  are,  on  the  con- 
trary, oviparous.  All  the  other  Mammals  produce  living 
young,  and  are  thus  viviparous.  The  Marsupials,  however, 
bring  forth  their  young  in  an  extremely  imperfect  condition, 
at  a  time  when  development  has  proceeded  to  a  limited 
extent  only,  and  in  these  the  foetus  does  not  become  con- 
nected with  the  uterus  of  the  mother  by  any  vascular  connec- 
tion ("placenta").  Hence  the  Marsupials  are  spoken  of  as 
"Aplacental"  Mammals.  In  the  other  orders  of  Mammals, 
there  is  developed  the  structure  known  as  the  "  placenta  "  or 
"  afterbirth,"  this  being  a  highly  vascular  structure  which  is 
formed  upon  the  exterior  of  the  foetal  envelopes  (allantois), 
and  which  is  so  closely  connected  with  the  inner  wall  of  the 
uterus  as  to  allow  of  an  interchange  of  material  between  the 
blood  of  the  embryo  and  that  of  the  mother.  The  "  Placental " 
Mammals  are  thus  enabled  to  carry  their  young  for  a  much 
longer  period  than  are  the  non-placental  Mammals,  and  hence 
the  young  animal  in  the  former  is  bom  in  a  much  more  per- 
fectly-developed condition  than  in  the  latter. 

As  regards  their  distribution  in  time,  the  earliest  known 
remains  of  Mammals  are  found  in  the  Trias,  rocks  of  this  age 
having  yielded  remains  of  three  genera  of  small  Mammals 
{JMicrokstes,  Hypsiprymnopsis,  and  Dromatherium)^  which  are 
generally  believed  to  belong  to  the  Marsupials.  In  the 
Jurassic  rocks,  fragmentary  remains  of  various  small  Mam- 
mals {Amphilestesy  Amphitherium^  PhascolotheriuMy  Plagiau- 
laxy  &C,)  have  been  discovered.  These  are  also  generally 
believed  to  be  referable  to  the  Marsupials,  though  one  of  the 
Jurassic  genera  {Stereognathus)  has  been  supposed  to  possibly 
belong  to  the  series  of  the  Placental  Mammals.  Apart  from 
the  preceding,  remains  of  undoubted  Marsupials  (Opossums) 
have  been  detected  in  the  Jurassic  deposits  of  North  America. 
No  Cretaceous  Mammals  are  known  at  present ;  but  a  large 
number  of  forms  have  been  found  in  the  Tertiary  rocks,  from 
the  base  of  the  Eocene  onward,  and  many  of  these  have  a 
special  zoological  interest  as  serving  to  indicate  the  line  of 
descent  of  existing  types,  or  filling  gaps  between  groups  now 
more  or  less  widely  separated. 

As  regards  their  classification,  the  Mammals  have  often  been 
divided  into  the  two  primary  sections  of  the  Placmtalia  and 
Aplacentaliay  according  as  the  young  are  provided  with  a 
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"placenta"  or  not.  The  Non-placental  Mammals  are  the 
Monotremes  and  Marsupials;  and  all  the  other  orders  of 
Mammals  are  included  in  the  division  Placentalia,  The  other 
method  of  arrangement  usually  adopted  is  to  employ  the  struc- 
ture of  the  reproductive  organs  as  the  basis  of  classification, 
and  to  divide  the  Mammals  into  the  three  following  primary 
sections : — 

1.  Ornithodelphia. — This  division  includes  only  the  Mono- 
tremes, and  is  characterised  by  the  fact  that  the  two  uterine 
dilatations  of  the  oviducts  do  not  coalesce,  but  open  separ- 
ately into  a  urogenital  sinus,  which  in  turn  opens,  along  with 
the  rectum,  into  a  "  cloaca,"  the  condition  of  parts  thus 
resembling  what  is  seen  in  the  Sauropsida, 

2.  Didelphia, — This  division  includes  only  the  Marsupials, 
and  is  characterised  by  the  fact  that  the  two  uteri  remain  dis- 
tinct, and  open  into  a  divided  vagina,  the  vaginae  opening 
into  a  urogenital  sinus,  which  is  provided  with  a  special 
external  aperture,  separate  from  the  termination  of  the  intes- 
tine though  embraced  by  the  same  sphincter  muscle. 

3.  Monodelphia, — This  division  comprises  all  the  orders  of 
Mammals  except  the  Monotremes  and  Marsupials,  and  is 
characterised  by  the  fact  that  the  two  uterine  enlargements  of 
the  oviducts  coalesce  to  a  greater  or  less  extent  to  form  a 
single  uterine  cavity,  which,  however,  commonly  shows  its 
true  composition  by  being  divided  superiorly  into  two  comua. 
The  uterus  opens  into  a  single  vagina,  which  is  always  distinct 
from  the  rectum.  This  division  corresponds  with  that  of  the 
"  Placental "  Mammals. 
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CHAPTER    LXIV. 

MONOTREMATA  AND  MARSUPIALIA. 

Order  I.  Monotremata. — The  first  and  lowest  order  of  the 
Mammalia  is  that  of  the  Monotremata,  constituting  by  itself 
the  division  Ornithodelphia,  and  containing  only  two  types, 
both  belonging  to  the  Australian  province — namely,  the  Duck- 
mole  {Omithorhynchus)  and  the  Spiny  Ant-eaters  {Echidna), 

The  order  is  distinguished  by  the  following  characters : — 
The  intestine  opens  into  a  ^Uloaca,'*  which  receives  also  the 
products  of  the  urinary  and  generative  organs,  which  discharge 
themselves  through  a  common  urogenital  canal.  The  mammary 
glands  are  without  nipples  ;  and  the  young  are  produced  as  eggs, 
the  parent  thus  being  oviparous.  The  pectoral  arch  has  the 
coracoid  bone  distinct,  and  an  interclavicle  is  present.  The  pelvis 
is  furnished  with  marsupial  bones.  Teeth  are  wanting,  or  are 
represented  by  horny  plates. 

The  Monotremes  are  remarkable  for  the  possession  of 
characters  which  indicate  relationships  with  the  Sauropsida 
generally,  and  with  the  Birds  in  particular.  The  cranial  bones 
of  the  Monotremes  anchylose  with  one  another  in  the  adult, 
so  that  the  sutures  are  early  obliterated,  as  is  the  case  with  the 
skull  of  Birds.  The  sutures  between  the  neural  arches  and 
the  bodies  of  the  vertebrae  are  persistent  (as  in  many  Reptiles), 
and  the  cervical  vertebrae  carry  short  ribs,  which  remain  long 
distinct  The  coracoid  bones,  as  in  no  other  Mammals,  re- 
main separate  from  the  scapula,  and  are  large  enough  to 
articulate  with  the  sternum.  A  large  T-shaped  interclavicle 
(fig.  441,  /)  is  present,  and  fixed  to  its  anterior  edge  are  the 
slender  clavicles  (c  c).  There  are  sternal  ribs  (fig.  441,  sr), 
separated  from  the  vertebral  ribs  by  short  intermediate  pieces. 
The  acetabulum  is  perforated,  as  in  Birds,  and  the  brim  of  the 
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pelvis  is  provided  with  "  marsupial  bones."  The  jaws  are  elon- 
gated, and  are  either  toothless  (Echidna),  or  carry  two  pairs  of 
horny  plates  which  act  as  teeth  ( Ornithorhynchus),    The  feet  are 


Fig.  441.— Osteology  of  Monotremes.  A,  Skull  o{  Echidna  kystrix,  B,  Side  \\em  of 
the  skull  of  Omithorkynckus  anatinus;  and  C,  Lower  jaw  of  the  same,  viewed  from 
above,  showing  the  horny  dental  plates  (mr).  D,  Sternum  and  adjacent  parts  of  the 
skeleton  of  a  young  Omithorhynchus :  c  c  Clavicles ;  i  Interclavicle ;  /  Praester- 
num  ;  nu  Mesostemum  ;  r  r  Vertebral  ribs  ;  tr  Intermediate  ribs ;  sr  Stenutl  ribs. 
(A,  B,  and  C  are  after  Giebel ;  D  is  after  Flower.) 

five-toed,  some  or  all  of  the  toes  being  clawed ;  and  the  males 
carry  perforated  spurs  on  the  back  of  the  tarsus,  connected 
with  the  duct  of  a  gland,  and  probably  having  a  sexual  function. 

Of  their  other  characters,  the  most  remarkable  are  those 
relating  to  the  condition  of  the  reproductive  organs,  and  the 
mode  of  development  of  the  young.  As  has  been  previously 
seen  (p.  729,  fig.  440),  the  uterine  dilatations  of  the  oviducts 
remain  in  the  Monotremes  separate  from  one  another,  and 
open  separately  into  a  urogenital  sinus.  This  sinus  receives 
also  the  terminations  of  the  ureters,  which  open  separately 
from  the  bladder,  and  it  opens  into  a  "cloaca,"  into  which  the 
rectum  also  discharges  itself.  In  the  males,  the  vasa  defer- 
entia  similarly  open  into  a  urogenital  sinus  which,  in  turn, 
opens  into  the  cloaca.  The  condition  of  parts  in  the  Mono- 
tremes, so  far  as  the  reproductive  and  urinary  organs  are  con- 
cerned, is  thus  very  similar  to  that  which  obtains  in  Birds. 

Through  the  researches  of  Caldwell  —  as  yet  but  incom- 
pletely published^ it  is  now  known  that  the  Monotremes 
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further  resemble  the  Sauropsida^  and  differ  from  the  Mammalia 
generally,  in  being  oviparous.  The  Ornithorhynchus  produces 
two  eggs,  enclosed  in  a  flexible  shell,  at  a  birth,  and  the 
Echidna  lays  one  such  egg.  The  eggs,  moreover,  are  like 
those  of  Birds,  in  being  of  comparatively  large  size,  and  con- 
taining much  food-yolk.  As  in  the  case  of  Birds,  therefore,  the 
ovum  is  **meroblastic,"  or,  in  other  words,  undergoes  but 
partial  segmentation. 

The  mammary  glands  have  no  nipples,  and  open  on  the 
surface  in  a  different  manner  in  the  two  genera  of  Monotremes. 
In  the   Ornithorhynchus^  the  ducts  of  the  mammary  glands 


Fig.  442. — Monotremata.    Ornithorhynchus  anntinus^  Australia. 

open  on  a  slightly  depressed  space,  and  there  is  nothing  in  the 
way  of  a  "marsupial  pouch."  In  the  Echidna,  on  the  other 
hand,  each  of  the  two  mammary  glands  opens  into  a  kind  of 
mammary  pouch,  at  the  bottom  of  which  the  ducts  of  the 
glands  discharge  themselves,  there  being  no  nipple.  It  would 
appear  that  the  egg  of  the  Echidna  is  placed,  on  being  laid. 
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in  one  of  these  mammary  pouches,  within  which  it  is  hatched, 
the  young  animal  subsequently  receiving  milk  from  the  mam- 
mary glands  in  some  manner  not  fully  understood. 

The  order  Monotremata  includes  only  the  two  genera  Omi- 
thorhynchus  and  Echidna  (or  Tachyglossus) — the  one  repre- 
sented by  a  single  species  {O,  paradoxus  or  anatinus),  and  the 
other  by  four  species  {E.  hystrix^  E,  setosa,  E,  Lawesi^  and  E. 
Bruijnii),  All  are  exclusively  confined  to  the  Australian 
province. 

The  Omithorhynchus  or  Duck-mole  is  one  of  the  roost  extraordinazy  of 
Mammals.  The  body  (Bg.  442)  resembles  that  of  a  mole  or  small  otter, 
and  is  covered  with  a  close,  short,  brown  fur.  The  tail  is  broad  and  flat- 
tened. The  jaws  are  produced  to  form  a  beak  just  like  that  of  a  duck  in 
appearance  ;  hence  the  name  of  ''Duck-billed  animal,"  often  applied  to 
it.  The  margins  of  the  jaw  are  sheathed  with  horn,  and  are  furnished  with 
transverse  homy  plates,  two  in  each  jaw  ((ig.  441,  B  and  C) :  but  there 
are  no  true  teeth.  The  sternum  (fig.  441,  D)  is  of  five  pieces,  and  there 
are  sternal  ribs.  The  nostrils  are  placed  at  the  apex  of  the  upper  man- 
dible. The  legs  are  short,  and  the  feet  have  five  toes,  each  furnished  with 
strong  claws,  which  enable  the  animal  to  burrow  with  facility.  The  toes 
are  also  imited  by  a  membrane  or  web,  so  that  the  animal  swims  with  great 
ease.  The  Omithorhynchus  is  exclusively  found  in  Australia,  ranging  as  far 
north  as  Queensland,  and  in  Tasmania,  inhabiting  streams  and  ponds.  Its 
food  consists  chiefly,  if  not  exclusively,  of  insects,  and  the  animal  makes 
very  extensive  burrows  in  the  banks  of  the  rivers  which  it  frequents.  The 
young  when  hatched  are  quite  blind,  and  nearly  naked,  and  the  method 
in  which  they  obtain  milk  from  the  mother  is  somewhat  obscure,  as  there 
are  no  nipples,  nor  is  there  any  marsupial  pouch.  It  is  certain,  however, 
that  the  beak  of  the  young  animal  is  extremely  different  from  what  it  is  in 
the  adult  condition.  The  young  animal  is  totally  hairless,  the  mandibles 
are  soft  and  flexible,  the  tongue  is  not  placed  far  back  in  the  mouth  (as  it 
is  in  the  adult),  and  the  eye  is  at  first  covered  by  the  skin. 

The  genus  Echidna  ( Tachyglossus)  is  represented  by  at  least  four  species 
— viz.,  E,  hysiriXy  E.  setosa^  E.  Lawesi,  and  E,  Bruijnii,  the  first  being 
Australian,  and  the  second  Tasmanian,  whilst  the  two  last  occur  in 
New  Guinea.  The  Echidna  hystrix  is  the  best-known  species,  and  in 
some  external  respects  is  not  unlike  a  large  hedgehog,  having  the  back 
covered  with  strong  spines,  interspersed  with  a  general  coating  of  bristly 
hairs.  The  snout  has  not  the  form  of  a  duck's  bill,  as  in  the  Or-nitk^ 
rhynchuSf  but  the  two  jaws  are  greatly  elongated,  and  are  enclosed  in  a 
continuous  skin  till  close  upon  their  extremities,  where  there  is  a  small 
aperture  for  the  protrusion  of  a  very  long  and  flexible  tongue.  The  jaws 
(ng.  441,  A)  are  wholly  devoid  of  teeth  or  anything  in  the  place  of  teeth  ; 
and  the  nostrils  are  placed  at  the  extremity  0?  the  cylindrical  snout. 
The  feet  have  five  toes  each,  furnished  with  strong  curved  digging-daws, 
but  the  toes  are  not  webbed.  The  Echidna  hystrix  measures  fTom 
fifteen  to  eighteen  inches  in  length,  and  is  a  nocturnal  animal.  It  lives 
in  burrows  and  feeds  upon  insects,  which  it  catches  by  protruding  its  lon^ 
and  sticky  tongue. 

As  regards  the  distribution  of  the  Monotremes  in  time^  no 
fossil  remains  referable  to  the  genus  Omithorhynchus  have 
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been  as  yet  discovered ;  but  fossil  species  of  Echidna  have 
been  found  in  the  Post-Pliocene  deposits  of  Australia. 

Order  II.  Marsupialia. — The  order  Marsupialia  con- 
stitutes by  itself  the  sub-class  Didelphia,  and  forms  with  the 
Monotremata  the  division  of  the  Non-placental  Mammals. 
With  the  exception  of  the  genera  Didelphys  and  Chironectes^ 
which  are  American,  all  the  Marsupialia  belong  to  the  Aus- 
tralian province ;  that  is  to  say,  they  all  belong  to  Australia, 
Van  Diemen's  Land,  New  Guinea,  and  some  of  the  neigh- 
bouring islands. 

The  following  are  the  characters  which  distinguish  the 
order : — 

The  skull  is  composed  of  distinct  cranial  bones  united  by  sutures, 
and  the  jaws  are  provided  with  true  teeth.  The  angle  of  the 
lower  jaw  (except  in  one  species  of  Phalanger\  is  bent  inwards 
towards  the  middle  line,  or  is  ^'^  inflected  ^^  (fig.  443).  Tfu 
pectoral  arch  has  the  same 
form  as  in  the  higher  Mam- 
mals, the  coracoid  being  fused 
with  the  scapula,  and  no 
longer  reaching  the  top  of 
the  sternum.  "  Marsupial 
bones ^^  or  ^''marsupial  car- 
tilages'' are  attached  to  the 
brim  of  the  pelvis.  The 
uterine  dilatations  of  the 
oviducts  do  not  coalesce,  but 
the  external  opening  of  the 
urogenital  sinus  is  distinct 

from  the  termination  of  the  intestine,  and  there  is  no  "  clo- 
acaP  The  young  are  brought  forth  alive,  but  are  not  pro- 
vided with  a  placenta.  The  mammary  glands  have  nipples, 
and  these  are  very  long,  and  are  usually  contained  within  a 
"  marsupium  "  or  pouch-like  fold  of  the  skin  of  the  abdomen. 
As  is  also  the  case  in  the  Monotremes,  the  corpus  callosum  of 
the  brain  is  very  small 

The  skull  of  the  Marsupials  is  in  general  readily  recognised 
by  the  inflection  of  the  angle  of  the  lower  jaw  (fig.  443),  a  char- 
acter present  in  all  the  members  of  the  order  with  the  excep- 
tion of  one  species  of  Phalanger  (the  little  Tarsipes  rostratus  of 
Western  Australia).  Another  general  character  of  the  skull  is 
that  the  incisors  in  each  half  of  the  lower  jaw  are  either  only 
one  in  number,  or  if  they  are  three  in  number,  then  the  cor- 
responding incisors  in  the  upper  jaw  are  more  than  three  in 
number.     The  presence  of  "marsupial  bones"  (fig.  444)  is 

3  A 


Fig.  443. — Lower  jaw  of  the  Wombatj  viewed 
from  behind,  showing  the  strongly  inflected 
angles  of  the  jaw. 
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not  a  conclusive  test  as  to  whether  or  not  a  skeleton  is  Marsu- 
pial, since  these  bones  are  found  in  the  Monotremes  also. 

The  most  characteristic  points  with  regard  to  the  Marsupials 
are  to  be  found  in  the  mode  of  development  of  the  young. 
In  all  the  Marsupials,  namely,  the 
young  are  bom  in  a  very  imperfect 
condition,  of  a  very  small  size,  and 
at  a  period  when  their  development 
has  proceeded  to  a  very  limited  extent 
only.  In  the  Great  Kangaroo,  the 
period  of  gestation  is  only  thirty-nine 
days,  and  the  embryo  when  bom  is 
hardly  more  than  an  inch  in  length. 
In  the  Opossums  {Didelphida)  the 
period  of  gestation  is  only  from  fif- 
teen to  seventeen  days.  Owing  to 
the  brevity  of  the  period  of  gestation, 
no  placenta  is  developed,  and  the 
entirely  helpless  young  are  at  birth 
transferred  by  the  mother  to  the  nip- 
ples, which  are  of  great  length,  and 
are  usually  contained  within  a  pouch 
or  "marsupium"  formed  by  a  fold- 
Fig.  444.-Oncsideof  thcpcivi,  ^^g  ^^  the  skin  of  the  abdomen.  In 
of  a  Kanearoo,  shou-ing  the  some  cascs  there  IS  uo  regular  "  mar- 
•  wupial  bones"  w.rAftcr  gupium,''  but  the  structure  of  the 
nipples  is  in  all  cases  the  same, 
and  the  young  are  nourished  in  the  same  way.  In  all 
cases,  namely,  the  young  are  carried  about  by  the  mother, 
adhering  to  the  lengthy  teats,  and  being  for  some  time 
after  birth  extremely  feeble,  and  unable  to  perform  the  act 
of  suction,  they  are  nourished  involuntarily,  the  milk  being 
forced  into  their  mouths  by  the  contraction  of  special  mus- 
cles covering  the  mammary  glands.  Choking  is  obviated 
during  this  process  by  the  upward  prolongation  of  the  wind- 
pipe to  the  posterior  nares,  the  act  of  swallowing  thus 
not  interfering  with  respiration.  At  a  later  stage,  the  young 
can  suckle  by  their  own  exertions,  and  when  a  pouch  is 
present,  they  can  leave  it  and  return  to  it  at  will.  That 
the  "  marsupial  bones "  have  no  special  connection  with  the 
presence  of  a  "  marsupium  "  is  shown  by  their  occurrence 
in  Monotremes,  in  which  there  is  no  pouch;  but  they  are 
believed  by  Owen  to  serve  as  a  fulcrum  for  the  muscle  spread 
over  the  mammary  gland ;  and  in  the  males  they  perform  a 
similar  office  for  the  cremaster  muscle. 
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The  condition  of  the  reproductive  organs  has  been  previously 
noticed  (p.  729,  fig.  440).  The  two  uteri  are  completely  dis- 
tinct, and  there  are  also  two  vaginae,  which  have  a  short 
common  portion  at  the  point  where  the  uteri  open  into  them. 
At  this  point  also  is  a  long  backwardly-directed  vaginal  caecum. 
The  two  vaginae  open  into  a  urogenital  sinus,  and  the  external 
aperture  of  this  is  separate  from  that  of  the  intestine,  though 
embraced  by  a  sphincter  muscle  common  to  it  and  to  the 
rectum.  The  testes  are  not  abdominal  throughout  life,  as  they 
are  in  the  Monotremes,  but  are  lodged  in  a  scrotum.  This, 
however,  is  placed  in  front  of  the  penis,  and  not  beneath  the 
pubic  arch  as  it  is  in  Mammals  generally. 

Though  they  constitute  an  extremely  natural  order,  sharply 
separated  from  all  the  rest  of  the  Mammals,  the  Marsupials 
form  a  large  and  varied  group.  In  fact,  this  order,  from  being 
the  almost  exclusive  possessor  of  a  continent  as  large  as  Aus- 
tralia, has  to  discharge  in  the  economy  of  nature  functions 
which  are  elsewhere  discharged  by  several  orders. 

The  Marsupialia  are  divided  by  Owen  into  the  two  primary 
sections  of  the  Diprotodontia  and  Polyprotodontia,  comprising 
the  following  subordinate  divisions  : — 

(A.)  Diprotodontia. — Lower  incisors  two  in  number ; 
canines  rudimentary  or  wanting;  molars  mostly  with  broad 
crushing  crowns. 

Sub-order  I.  Rhizophaga. — This  sub-order  includes  only  the 


Fig   445.— Skull  of  Wombat.    (After  Giebel.) 

single  genus  Phascolomys^  comprising  only  the  Wombat,  and  is 
characterised  by  the  fact  that  there  are  only  two  upper  and 
two  lower  incisors,  and  these  have  chisel-shaped  crowns,  and 
grow  from  permanent  pulps. 
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The  Wombat  (Phascolomys  fossor)  is  a  stout,  heavy  animal,  which  attains 
a  length  of  from  two  to  three  feet.  The  legs  are  very  short  and  stout,  and 
the  animal  burrows  Mnth  ease  by  means  of  strong,  curved  digging-claws, 
with  which  the  fore-feet  are  furnished.  The  tail  in  the  Wombat  is  quite 
rudimentary,  and  the  whole  body  is  clothed  with  a  brown  woolly  hair.  In 
its  dentition  (fig.  445)  the  Wombat  presents  a  curious  resemblance  to  the 
herbivorous  Rodents.  There  are  two  incisors  in  each  jaw,  and  these  are 
long  and  rootless,  growing  from  permanent  pulps.  There  are  no  canines, 
so  that  the  incisors  and  praemolars  are  separated  by  a  considerable  space. 
The  dental  formula  is — 

I — I         o — o      ^     I  — I         4 — A 

I  ;    c ;  pm ;  m  ^ — ^  =  24. 

I  — I        o — o  I  — I         4 — 4 

The  premolars  and  molars  agree  with  the  incisors  in  growing  from  perma- 
nent pulps,  in  which  respect  the  Wombat  differs  from  all  the  other  Mar- 
supials, and  agrees  with  the  herbivorous  Rodents,  with  those  Edentata 
which  have  teeth,  and  with  the  extinct  Toxodon  (Owen). 

The  Wombat  is  a  nocturnal  animal,  and  feeds  chiefly  upon  roots  and 
grass ;  it  is  found  in  both  Australia  and  Van  Diemen's  Land. 

Sub-order  II,  Poephaga. — This  sub-order  comprises  the 
Kangaroos  and  Kangaroo-rats,  which  together  constitute  the 
family  of  the  Macropodida,  There  are  only  two  lower  incisors 
(one  on  each  side),  and  these  are  horizontal  and  chisel-shaped 
(fig.  446);  and  there  are  three  upper  incisors  on  each  side. 


Fig.  446I— Skull  of  Macropus  Bennettii.    (After  Giebel.) 

There  is  a  complete  marsupium,  in  which  the  nipples  (four  in 
number)  are  contained. 

The  typical  Kangaroos  [Mairopus)  are  strictly  phytophagous,  and  are 
distinguished  by  the  disproportionate  length  of  the  hmd-limbs,  and  the  dis- 
proportionate development  of  the  posterior  portion  of  the  body  as  com- 
pared with  the  fore-limbs  and  fore-part  of  the  body.  The  hind-legs  are 
exceedingly  long  and  strong,  and  the  feet  are  much  elongated— the  whole 
sole  being  applied  to  the  ground.  The  hind-feet  (fig.  447)  have  four  toes 
each,  of  which  the  central  one  (the  4th  toe)  is  by  far  the  largest,  and  the 
two  inner  toes  (the  2d  and  3d  toes)  are  very  small,  and  are  united  by  a 
common  integument.  The  hallux  is  wanting  altogether.  The  tail  is  also 
extremely  long  and  strong,  and  is  of  great  assistance  to  the  animal  when 
standing  upright  upon  the  hind-limbs.  From  the  length  and  strength  of 
the  hind-limbs  and  hind-feet,  the  Kangaroos  are  enabled  to  effect  extra- 
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ordinarily  long  and  continuous  bounds.  In  fact,  leaping  is  the  ordinary 
mode  of  progression  in  the  typical  Kangaroos ;  and  when  walking  upon 
all  fours  their  locomotion  is  slow  and  ungraceful. 
The  anterior  extremity  of  the  body  is  very  dim- 
inutive as  compared  with  the  posterior,  and  the 
fore-limbs  are  quite  small,  but  have  five  well-de- 
veloped toes  armed  with  strong  nails.  The  head 
is  small,    with  large  ears,  and  the  dental  formula 

,•3-3.  c°rS.f„lz 

I — 1  O— O  I — I 

There  are  therefore  six  upper  incisors,  two  lower  in- 
cisors (the  latter  horizontal,  fig.  446),  and  no  func- 
tional canines  (though  rudimentarv  upper  canines  are 
present  in  the  young  of  some  of  the  Kangaroos,  at 
any  rate).  The  stomach  is  complex,  and  sacculated. 
The  Kangaroos  are  all  herbivorous,  and  mostly  live, 
either  scattered  or  gregariously,  on  the  great  grassy 
plains  of  Australia.  The  "Tree -kangaroos,"  how- 
ever (constituting  the  genus  Veftdroleigus),  live  mostly 
in  trees ;  and  in  adaptation  to  this  mode  of  life,  the 
fore-legs  are  nearly  as  long  and  strong  as  the  hind- 
legs,  the  tail  is  not  used  as  a  support,  and  the  claws 
are  long,  curved  and  pointed,  while  small  upper  can- 
ines are  present.  They  are  natives  of  New  Guinea. 
The  "Rock -kangaroos"  form  the  genus  Petrogale^ 
and  inhabit  the  mountainous  regions  of  North-west- 
ern Australia. 

The  Kangaroo  -  rats  {Hypsiprymnus)  are  small, 
somewhat  rat -like  animals,  with  hind-legs  longer  than 
the  fore-legs,  and  with  scaly  tails.  They  differ  in 
their  dentition  from  the  ordinary  Kangaroos,  as  they 
have  well-developed  upper  canines  (fig.  448,  c).  In  the  adult  there  is 
only  a  single  premolar  m  each  jaw,  this  being  of  large  size,  and  marked 
on  its  sides  with  distinct  vertical  grooves.     The  extinct  Jurassic  genus 


Fie.  447. — Hind-foot  of 
Macropus  Bennettii. 
(AfterFlowcr.) 


Fig.  448.— Dentition  of  the  Kanearoo-rat  {Hy/si^rvmnus  cuniculta).  i  1-1  3  Upper 
incisors  ;  i  Lower  incisor ;  c  Upper  canine  ;  j^m  Vertically-grooved  praemolar  ;  m  i- 
m  4  Molars. 

Plagioidax  has  similarly  grooved  premolar  teeth,  but  in  this  case  the 
grooves  are  oblique.     The  Kangaroo-rats  are  diminutive  nocturnal  ani- 
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mals,  and  they  feed  mostly  upon  roots, 
and  Tasmania. 


They  are  found  both  in  Australia 


Sub-order  III.  Carpophaga, — This  sub-order  includes  the 
** Koala"  {Phascolarctos\  and  the  various  small  Marsupials 
which  are  usually  known  as  "Phalangers"  (Fhalangistid^s), 
The  members  of  this  sub-order  have  three  upper  and  one 
lower  incisor  on  each  side,  and  have  small  upper  canines; 
while  the  second  and  third  digits  of  the  hind-feet  are  united  by 
the  skin. 

The  singular  animal  known  by  the  Australian  colonists  as  the  **  native 
Sloth"  or  "Bear,"  and  by  the  natives  as  the  **  KovAsl"'  {Pkasco/arcios 
cinereus\  represents  a  special  group  of  this  sub-order.  It  is  about  two  feet 
in  length,  having  a  stout  body,  covered  with  a  dense  bluish-grey  fur.  The 
tail  is  wanting  (Bg.  449) ;  and  the  feet  are  furnished  with  strong  curved 


Fig.  449.—"  Koala  "  {Phascolarctos  ciiureus). 


claws,  which  enable  the  animal  to  pass  the  greater  part  of  its  existence  in 
trees.  In  this  it  is  greatly  assisted  by  the  fact  that  all  the  feet  are  prehen- 
sile, the  hallux  being  opposable,  and  the  digits  of  the  fore-limb  divided 
into  two  sets,  the  thumb  and  index-finger  l^ing  opposable  to  the  other 
fingers.     The  dental  formula  is — 


,3-3.       ,1-1.       ;>,„'-';     „;4 


4—4 


=  30. 


The  Koala  is  a  slow  animal  which  feeds  on  the  foliage  of  the  trees  in 
which  it  spends  its  existence. 

The  typical  group   of   the   carpophagous  Marsupials  is  that  of  the 
PheUangistida  or  Phalangers,   so   called   because   the   second  and  third 
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digits  of  the  hind- feet  are  joined  together  almost  to  their  extremities. 
The  family  includes  a  number  of  small  Marsupials,  fitted  for  an  arbo- 
real existence,  to  which  end  the  hallux  is  opposable  and  nail-less,  whilst 
the  four  remaining  toes  of  the  hind-feet  have  long  curved  claws.  The  tail, 
too,  is  generally  very  long,  and  its  tip  is  usually  prehensile.  The  Phalan- 
gers  are  all  small  nocturnal  animals  which  live  upon  fruits  and  other 
vegetable  food.  The  best  known  of  them  is  the  Australian  Opossum  or 
Vulpine  Phalanger  {Phalangisia  vulpina),  which  must  not  be  confounded 
with  the  true  or  American  Opossums,  which  belong  to  another  section  of 
the  Marsupialia,  The  Phalangers,  namely,  are  distinguished  from  the 
Opossums  properly  so  called,  amongst  other  characters,  by  their  dentition, 
the  canine  teeth  being  always  very  small  and  functionally  useless  in  the 
lower  jaw,  and  sometimes  in  the  upper  jaw  as  well.  The  Phalangista 
vulpina  is  nocturnal  and  arboreal  in  its  habits,  and  its  flesh  is  esteemed  a 
great  delicacy  by  the  native  Australians,  with  whom  opossum -hunting  is  a 
Kivourite  pursuit. 

The  flymg  Phalangers  or  Pdauri  are  closely  allied  to  the  true  Phalan- 
gers, but  differ  in  not  having  a  prehensile  tail,  and  in  having  a  fold  of  skin 
extending  on  each  side  between  the  sides  of  the  body  and  the  hind  and 
fore  limbs.  By  the  help  of  these  lateral  membranes  the  Petauri  can  take 
extensive  leaps  from  tree  to  tree  ;  but  though  called  **  flying  "  Phalangers, 
they  have  no  power  of  flight  properly  so  called.  They  are  beautiful  little 
animals,  nocturnal  in  their  habits,  and  having  the  body  clothed  with  a  soft 
and  delicate  fur. 

The  singular  little  Marsupial  which  alone  constitutes  the  genus  Tarsipes 
resembles  the  preceding  forms  in  having  only  two  lower  incisors,  and  in 
having  the  second  and  third  toes  united  by  skin.  It  resembles  the  forms 
which  follow,  however,  in  having  lower  as  well  as  upper  canines.  It  is 
the  only  Marsupial  in  which  the  angle  of  the  mandible  is  not  inflected.  It 
is  a  very  diminutive  animal,  and  is  found  in  Western  Australia. 

(B.)  PoLYPROTODONTiA. — Lowcr  incisoFS  more  than  two  in 
number ;  canines  more  or  less  well  developed ;  molars  cuspi- 
date or  with  sectorial  crowns. 

Sub-order  IV,  Entomophaga, — This  sub-order  includes  the 
families  of  the  Bandicoots  {FeramelidcB)^  the  true  Opossums 
{DidelphidcB)y  and  the  Banded  Ant-eaters  {Myrmecobitdce),     All 


Fig.  450.— Dentition  of  Opossum  {DitUlpkys). 

the  members  of  this  section  agree  with  the  typical  Carnivorous 
Marsupials  in  having  both  lower  and  upper  canines,  and  in 
being  adapted  for  an  animal  diet  (fig.  450).     The  canines  are, 
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however,  of  no  large  size,  and  the  molars  have  cuspidate 
crowns.  The  members  of  this  order  are  not,  therefore,  highly 
predaceous,  but  **  prey,  for  the  most  part,  on  the  smaller  and 
weaker  classes  of  Invertebrate  animals  "  (Owen). 

The  Bandicoots  {Perameltda)  are  small  Australian  animals,  which  ap- 
pear to  fill  the  place  of  the  Hedgehogs,  Shrew-mice,  and  other  small  In- 
sectivora  of  the  Old  World.  The  molars  are  cuspidate,  and  canines  arc 
present.     The  dental  formula  is — 

t  5~"^  ;   c  i^^  ;  pm  ^^  ;  m^^  -  48. 
3—3         i~i      ^     3-3         4-4 

The  hind-limbs  in  the  Bandicoots  are  considerably  longer  than  the  fore- 
limbs,  and  their  progression  is  therefore  by  a  series  of  bounds.  The  fore- 
limbs  have  really  five  toes  each,  but  only  the  central  three  of  these  are 
well  developed,  the  outermost  and  innermost  digits  being  rudimentary. 
The  three  functional  toes  are  armed  with  long  and  strong  claws,  with  which 
the  Bandicoots  burrow  with  great  ease.  The  marsupial  pouch — and  this 
is  a  singular  point — opens  backwards  instead  of  forwards.  In  the  nearly- 
allied  genus  Charopus,  also  from  Australia,  the  fore-foot  has  only  two 
functional  digits  (the  2d  and  3d),  the  ist  and  5th  digits  being  wanting, 
and  the  4th  l^ing  rudimentary;  while  the  4th  digit  of  the  hind-foot  is  the 
only  functional  toe. 

The  second  family  of  this  section — namely,  that  of  the  true  Opossums  or 
Dtddphidcc — is  remarkable  in  being  the  only  group  of  the  whole  order  which 


Fig.  451.— The  female  oi  Did^l^hys  dorsigera,  oneof  the  South  American 
Opossums,  carrying  its  young  upon  its  back. 

occurs  out  of  the  Australian  province.  The  Didelphidt^y  namely,  are  ex- 
clusively found  in  North  and  South  America,  where  they  are  known  as 
'•Opossums."  A  considerable  number  of  species  is  known,  but  they  are 
mostly  of  small  size,  the  largest  measuring  not  more  than  from  two  to 
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three  feet,  inclusive  of  the  tail.  The  Virginian  Opossum  {Didelphys  virgin- 
tana)  is  the  only  member  of  the  family  which  is  found  in  north  of  Mexico, 
and  it  ¥ras  the  earliest . Marsupial  known  to  science;  its  place  in  South 
America  is  taken  by  the  widely  -  distributed  Didelphys  d  Azara,  Most 
of  the  Opossums  are  carnivorous,  feeding  upon  small  quadrupeds  and 
birds,  but  they  also  eat  insects,  and  sometimes  even  fruit.  One  species 
^Didelphys  cancrivora)  lives  chiefly  upon  Crabs  ;  and  the  Yapock  {Cheiro- 
nectes)  has  webbed  feet,  and  leads  a  semi-aquatic  life.  All  the  Didelphida 
have  the  hallux  nail-less  and  opposable  to  the  other  toes,  so  as  to  convert 
the  liind-feet  into  prehensile  hands,  and  all  have  a  more  or  less  perfectly 
prehensile  tail,  these  being  adaptations  to  an  arboreal  life.  The  marsu- 
pial pouch  is  sometimes  not  present  in  a  complete  form,  but  is  merely 
represented  by  cutaneous  folds  of  the  abdomen  concealing  the  nipples. 
In  the  Didelphys  dorsigera  (fig.  451),  in  which  this  peculiarity  obtains,  the 
young  soon  leave  the  nipples,  and  are  then  carried  about  on  the  back  of 
the  mother,  to  whom  they  cling  by  twining  their  prehensile  tails  round 
hers.  The  dentition  of  the  Opossums  (fig.  450)  is  remarkable  for  the 
great  number  of  the  incisor  teeth,  the  dental  formula  being — 

i  5-5  .    ^  Izil  ;  pm  3:z3  ;  m  ^""^  =  50. 
4—4        I— I  3-3  4—4 

The  canines  are  well  developed,  and  the  crowns  of  the  molars  are  cus- 
pidate. 

The  Banded  Ant-eater  (Myrmecobius  fasciatus)^  which  alone  constitutes 
the  family  of  the  Mymtecobiida:^  is  a  small  but  extremely  elegant  little  ani- 
mal, which  inhabits  Western  and  Southern  Australia,  and  lives  upon 
insects.  The  tail  is  bushy,  and  differs  from  that  of  the  Didelphida  in  not 
being  prehensile.  The  fore-feet  have  five  toes  armed  with  claws;  the 
hind-feet  have  only  four  toes.  The  Myrmecobius  is  remarkable  for  the 
extraordinary  number  of  molar  teeth,  in  which  it  exceeds  any  existing 
Marsupial,  and  is  only  surpassed  by  some  of  the  Armadillos.  The  dental 
formula  is — 

Suborder  V,  Sarcophaga, — This  section  comprises  the  fam- 
ily of  the  Dasyurtdce,  including  a  number  of  carnivorous  Mar- 


Fig.  45a. — Dentition  of  Dasyurus  ursiuus.    i  Incisors  ;  c  Canines;  pm  Praemolars ; 

m  Molars. 

supials,  which  resemble  the  typical  Carnivora  in  being  organ- 
ised for  preying  upon  other  animals.    They  have  no  caecum  to 
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the  intestine,  and  the  dentition  (fig.  452)  is  highly  carnivorous, 
the  canines  being  long  and  pointed,  and  the  molar  and  prae- 
raolar  teeth  having  cutting  edges  furnished  with  three  cusps. 
There  are  three  lower  and  four  upper  incisors  on  each  side, 
the  incisors  thus  differing  from  those  of  the  true  Carnivora,  in 
which  there  may  be  fewer  but  are  never  more  than  three 
incisors  on  each  side  of  each  jaw. 

k 

The  Dasyurida,  or  **  Native  Cats,"  are  widely  distributed  over  the 
Australian  region,  and  are  represented  by  many  species,  of  which  one  of 
the  best  known  is  the  "Native  Devil  "  {Dasyurus  ursinus)  of  Tasmania. 
This  species  is  about  as  large  as  a  Badger,  and  is  of  a  ferocious  and  un- 
tamable disposition.     Its  dental  formula  is — 

.  4-4    ,  i-i .  ^„,  2-2  .  ^^,  4r_4  =  42. 

Z—Z         I— I  2—2         4-4 

All  the  premolars  and  molars  (fig.  452)  have  cutting  edges.  There  are 
various  other  species  of  DasyttruSy  mostly  of  small  size,  which  inhabit  both 
Australia  and  Tasmania. 

The  genus  Thylacinus  includes  the  dog-like  "Thylacine"  (7!  cyno- 
cephalus),  which  is  a  native  of  Tasmania,  the  inhabitants  of  which  know  it 
under  the  name  of  the  "  hyaena,"  its  banded  body  giving  it  somewhat  the 
appearance  of  this  latter  animal.  The  Thylacine  is  not  unlike  a  Wolf  in 
general  aspect,  and  it  grows  to  the  size  of  a  sheep-dog.  The  muzzle  is 
long,  and  the  general  aspect  of  the  skull  is  vei7  like  that  of  a  Fox.  The 
"marsupial  bones  "  are  represented  in  the  Thylacine  by  cartilages  only, 
and  the  marsupial  pouch  opens  backwards. 

Of  the  other  genera  of  Dasyurida,  one  of  the  best  known  is  PhascogaU, 
comprising  a  number  of  weasel-like,  arboreal  Marsupials,  which  inhabit 
Australia,  Van  Diemen's  Land,  and  New  Guinea. 

As  regards  their  distribution  in  time^  it  is  probable  that  the 
fragmentary  remains  of  Mammals  which  have  been  found  in 
the  Trias,  and  which  constitute  at  present  the  earliest  evidence 
of  the  existence  of  Mammals  upon  the  earth,  are  referable  to 
the  Marsupials.  Upon  these  remains  have  been  founded  the 
gtii^xdi Drotnatherium  (fig.  453),  Microlestes  (fig.  454),  zxidHypsi- 


b 

Fig.  453.— Lower  jaw  of  Dromatheriunt  syh>estre.     Fig.  454.— «  Molar  tooth  of  Micrv 
Trias,  North  Carolina.    (After  Emmons.)  Ustes    oHtigutu,    magnified  ;    i 

Crown    of  the  same,    magnified 
still  further.     Trias,  Germany. 

prymnopsis ;  but  as  these  are  only  known  from  the  detached 
ramus  of  the  mandible,  or  from  separate  teeth,  it  is  not  pos- 
sible to  determine  their  affinities  with  certainty. 
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In  the  Jurassic  rocks  a  number  of  forms  of  Mammals  have 
been  discovered,  and  upon  these  have  been  founded  various 
genera  (Amphitherium^  Phascolotherium^  Plagiaulax^  Tricono- 
don,  &c.).  Such  remains  of  these  as  have  been  found  indicate 
the  existence  of  a  number  of  small  Mammals,  which  have 
usually  been  regarded  as  related  to  such  existing  Marsupials  as 
Myrmecobius,  or  to  the  Kangaroo-rats.  In  none  of  these 
extinct  forms  is  more  known  of  the  skeleton  than  the  detached 
ramus  of  the  mandible,  and  their  affinities  are  therefore  un- 
certain. In  one  of  them,  however — viz.,  Plagtaulax  (fig.  455) 
— the  resemblance  of  the  grooved  praemolar  teeth  to  the  great 


Pig*  455- — ^A,  Right  ramus  of  the  lower  jaw  of  Piag-iauiax  »w/«/>r— Jurassic,  enlarged 
tour  diameters.  B,  Third  premolar  of  Plagiaulcux  Becklesii^  enlarged  five  and  a 
half  times,  showing  the  diagonal  grooves  on  the  exterior  of  the  crown.    (After  Owen.) 

grooved  praemolar  of  the  recent  Kangaroo-rats  (fig.  448)  is 
close  enough  to  warrant  a  confident  belief  that  this  genus  is 
really  Marsupial.  In  the  Jurassic  rocks  of  the  United  States, 
moreover.  Marsh  has  obtained  the  remains  of  Opossums  {Dry- 
olestes)  which  appear  to  belong  to  the  characteristic  American 
group  of  the  Didelphidce,  As  regards  the  Tertiary  series,  it  is 
interesting  to  note  that  the  Opossums,  now  wholly  confined 
to  the  New  World,  had  in  early  Tertiary  times  representatives 
in  Europe  (the  genus  Peratherium), 

In  the  Post-Tertiary  deposits  of  Australia  have  been  found 
the  remains  of  a  large  number  of  extinct  Marsupials,  which 
represent  the  now  existing  groups,  but  were  for  the  most  part 
of  comparatively  gigantic  dimensions.  Thus  we  meet  with 
the  remains  of  Wombats,  Phalangers,  Kangaroos,  and  car- 
nivorous Marsupials  like  the  living  Dasyure  and  Thylacine. 
Of  the  Kangaroo-like  forms  one  of  the  most  remarkable  is  the 
genus  DiprotodoTiy  the  species  of  which  were  of  comparatively 
gigantic  size.  Others  of  the  extinct  Australian  Marsupials, 
such  as  ThylacoleOy  differ  in  important  respects  from  any  of  the 
types  now  in  existence. 
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CHAPTER    LXV. 

EDENTATA, 

Order  III.  Edentata  or  Bruta. — The  lowest  order  of  the 
placental  or  monodelphous  Mammals  is  that  of  the  Edentata^ 
often  known  hy  the  name  of  Bruta,  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 
The  remaining  members  of  the  order  have  teeth,  but  these 
are  always  destitute  of  true  enamel^  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further,  in  none  of  the 
Edentata  are  there  any  median  incisors,  and  in  only  one  species 
{one  of  the  Armadillos)  are  there  any  incisor  teeth  at  alL 
Canine  teeth,  too,  are  almost  invariably  wanting.  Clavicles  are 
usually  present,  but  are  absent  in  the  Scaly  Ant-eaters  (Manis), 
All  the  toes  are  furnished  with  long  and  powerful  claws. 
The  mammary  glands  are  usually  pectoral,  but  are  sometimes 
abdominal  in  position.  The  testes  are  abdominal  in  position. 
The  skin  is  often  covered  with  bony  plates  or  homy  scales. 

The  placentation  of  the  Edentates  varies,  the  placenta 
being  discoidal  and  deciduate  in  the  Sloths  {e.g,,  Cholcepus 
Hojfmanni),  but  diffuse  and  non-deciduate  in  Manis  (Turner) 
— a  fact  which  throws  some  doubt  on  the  propriety  of  using 
the  placental  characters  in  classification. 

The  order  Edentata  is  conveniently  divided  into  two  great 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  being  phytophagous,  the  other  insectivorous.  In  the 
former  section  is  the  single  group  of  the  Sloths  {Bradypodidce), 
In  the  latter  are  the  two  groups  of  the  Armadillos  {Dasypodidcs)^ 
and  the  various  species  of  Ant-eaters  (the  latter  constituting 
Owen's  group  of  the  Edentula). 

The  order  Edentata  is  but  sparingly  represented  in  modem 


EDENTATA. 


749 


times,  and  its  geographical  distribution  is  peculiar.  The  true 
Ant-eaters,  the  Armadillos,  and  the  Sloths,  are  entirely  con- 
fined to  South  America,  in  which  country  a  group  of  gigantic 
extinct  Edentates  existed  in  Post-tertiary  times.  The  Scaly 
Ant-eaters  (Afanis)  are  common  to  Asia  and  Africa,  and  the 
genus  Orycteropus  is  peculiar  to  Africa. 

The  following  are  the  families  of  the  existing  Edentata : — 

I.  BradypodidcB  (or  Tardigrada), — This  family  includes  only 

the  singular  South  American  animals  known  as  the  Sloths, 

characterised  by  being  arboreal  and  plant-feeding  Edentates, 

with  the  fore-limbs  longer  than  the  hind-limbs,  and  the  tail 


Fig.  456.— A,  Side  view  of  the  skull  of  Breuiy^us  cuculUger;  B,  Side  view  of  the 
skull  o{  Diisypus  gigas.     (After  Giebel.) 

rudimentary  or  absent.    The  are  no  incisor  teeth  {^g»  456,  A), 

but  there  are  ^— ^   or  ^     ^  rootless  molars,  which  grow  from 

4—4  5—5 
permanent  pulps,  and  have  the  form  of  simple  cylinders  of 
dentine  enveloped  in  cement.  The  ribs  are  very  numerous, 
varying  from  fifteen  to  seventeen  pairs  in  Bradypus^  but  being  as 
many  as  twenty-three  or  twenty-four  pairs  in  Choloepus,  The 
malar  bone  (fig.  456,  A)  is  not  directly  articulated  with  the 
temporal,  and  sends  backwards  two  long  processes,  one 
directed  upwards  and  one  downwards.  The  stomach  is  com- 
plex, somewhat  resembling  that  of  the  Ruminants.  The  long 
bones  have  no  medullary  cavities. 
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The  Sloths  have  a  remarkably  short  and  rounded  foce,  and  the  body  is 
covered  with  coarse  harsh  hair.  The  mammary  glands  are  two  in  number, 
and  pectoral  in  position.  Living  as  they  do  in  the  vast  primeval  forests  of 
South  America,  the  Sloths  are  adapted  for  a  purely  arboreal  mode  of  life, 
being  constructed  to  pass  their  existence  suspended  back  downwards  from 
the  branches  of  trees.  They  not  only  thus  move  freely,  but  even  in  sleep 
they  retain  this  apparently  unnatural  position.  To  fit  them  for  this  mode 
of  life  the  fore-limbs  are  much  longer  than  the  hind-Hmbs,  and  the  bones 
of  the  fore-arm  are  unusually  movable.  All  the  feet,  but  especially  the 
fore-feet,  are  furnished  with  enormously  long  curved  claws  (fig.  457),  and 


f'ig'  457.— Hand  of  Three-toed  Sloth  (Bradypns  tridactylus\    (After  Owen.) 

Ihe  ungual  phalanges  are  so  articulated  that  the  claws  are  bent  inwards 
towards  the  hand  or  sole.  The  toes  themselves  are  rigid,  and  are  so 
enveloped  in  the  integument  as  to  leave  nothing  visible  except  the  long 
and  crooked  claws.  The  feet  are  thus  admirably  adapted  for  the  peculiar 
mode  of  climbing  practised  by  the  Sloths.  Owing,  however,  to  the  fact 
that  the  hand  and  toot  are  jointed  to  the  arm  and  leg  obliquely,  the  palm 
and  sole  are  turned  inwards,  and  cannot  be  applied  to  the  ground.  Hence 
terrestrial  progression  can  only  be  slowly  and  painfully  effected  by  the 
Sloths. 

In  the  genus  Bradypus  are  the  so-called  Three-toed  Sloths,  in  which  the 
fore-feet  have  three  toes  each.  Nine  cervical  vertebrne  are  present.  The 
best -known  species  is  the  AI  {^Bradypus  tridactylus).  In  the  genus 
Cholccpus  there  are  only  two  toes  to  the  fore- feet ;  and  the  first  teeth  in 
each  jaw  are  longer  and  more  pointed  than  the  others,  and  have  been 
regarded  as  canines.  In  the  Unau  (C  Hoffmanni)  there  are  only  six 
cervical  vertebrae;  but  in  Cholapus  didactylus  the  neck  vertebne  have 
their  normal  number. 

2.  Myrmecophagida,  — This  family  includes  the  Hairy  Ant- 
eaters  of  South  America,  and  is  characterised  by  the  fact  that 
the  jaws  are  toothless,  the  tongue  is  long  and  protrusible, 
and  the  salivary  glands  are  exceptionally  developed.  The 
skin  is  covered  with  hair,  and  the  feet  are  armed  with  long 
curved  claws,  adapted  for  digging  or  climbing.  The  malar 
(jugal)  does  not  reach  the  temporal  bone,  but  has  no  de- 
scending process. 
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The  best-known  member  of  this  family  is  the  Great  Ant-eater  {Myrme- 
cophaga  jubcUa),  This  singular  animal  attains  a  length  of  over  four  feet, 
and  has  an  extremely  long  and  bushy  tail.  The  jaws  are  produced  to  form 
a  long  and  slender  snout,  which  is  entirely  enclosed  in  the  skin,  till  just  at 
its  extremity,  where  there  is  an  aperture  for  the  protrusion  of  the  cylindrical 
tongue.  A  bird-like  character  is  the  horny  gizzard-like  stomach.  The  an- 
terior feet  have  four,  and  the  posterior  feet  five  toes,  all  armed  with  strong 
curved  claws,  which,  in  the  case  of  the  fore-feet,  when  not  used  in  digging, 
are  bent  inwards,  so  that  the  animal  walks  on  the  sides  of  the  feet ;  where- 
as the  soles  of  the  hind-feet  touch  the  ground.  The  animal  is  perfectly 
harmless  and  gentle,  when  unmolested,  and  leads  a  solitary  life.  It  lives 
mainly  upon  Termites,  into  the  nests  of  which  it  forces  its  way  by  means 
of  the  powerful  claws.  When  the  Termites  rush  out  to  see  what  is  the 
matter,  the  Ant-eater  captures  them  by  thrusting  out  its  glutinous  tongue, 
an  action  which  can  be  repeated  with  marvellous  rapidity. 

In  the  closely-allied  genus  Tamandua  the  feet  are  four-toed,  and  the 
animal  is  arboreal  in  its  habits,  as  is  also  the  case  with  the  species  of  Cy- 
clothurus.  In  the  latter  the  fore-feet  are  two- toed,  and  the  hind-feet  are 
four-toed,  with  a  rudimentary  hallux.  In  accordance  with  their  mode  of 
life  these  forms  have  prehensile  tails,  and  in  the  last-mentioned  genus  well- 
developed  clavicles  are  present. 

3.  Manidce. — This  family  includes  only  the  Scaly  Ant-eaters 
or  Pangolins  (fig.  458),  the  species  of  which  are  exclusively 
confined  to  the  Old  World,  and  are  found  both  in  Africa  and 


Fig.  ^s^.—Manis pentadaciyla^  one  of  the  Scaly  Ant-eaters  or  Pangolins. 


Asia.  The  skull  is  bird-like,  the  jaws  toothless,  and  the 
zygomatic  arch  incomplete.  The  whole  of  the  body,  limbs, 
and  tail  in  the  Manidce  is  covered  with  an  armour  of  homy 
imbricated  epidermic  plates,  overlapping  like  the  tiles  of  a 
house,  and  apparently  consisting  of  agglutinated  hairs.  The 
legs  are  short,  and  furnished  with  four  or  five  toes  each,  end- 
ing in  long  and  strong  digging-claws;  but  there  are  no  cla- 
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vicles.  The  tongue  resembles  that  of  the  Hairy  Ant-eaters  in 
being  long  and  contractile,  and  capable  of  being  exserted  for 
a  considerable  distance  beyond  the  mouth.  It  is  covered 
with  a  glutinous  saliva,  and  is  the  agent  by  which  the  animal 
catches  ants  and  other  insects. 

When  threatened  by  danger,  the  Pangolins  roll  themselves  up  into  a 
ball,  like  the  hedgehogs.  The  tail  is  comparatively  long,  and  is  covered 
with  scales.  Though  very  strong  for  their  size,  only  one  of  the  species  {A/. 
gigafitea  of  Africa)  attains  a  length  of  more  than  three  or  four  feet,  inclu- 
sive of  the  tail.  The  best-known  species  are  the  Matiis  pentadactyia  of 
India,  and  the  Manis  tetradactyla  of  Africa.  Other  species  occur  in  Java, 
Sumatra,  and  China. 

4.  OrycteropidcB, — This  family  comprises  the  single  genus 
Orycteropusy  all  the  species  of  which  are  African.  The  body 
in  this  genus  is  covered  with  hair,  and  the  animal  puts  the 
palms  of  the  hands  and  the  soles  of  the  feet  to  the  ground. 
The  jaws  are  furnished  with  cylindrical  molars  (fig.  459),  and 


Fig-  459«— Skull  o^  O rye ter opus  captnsis. 

the  zygomatic  arch  is  complete.  The  pectoral  arch  has  well- 
developed  clavicles. 

Of  the  known  species  of  Orycteropus^  the  most  familiar  is  the  O.  capensis, 
which  is  peculiar  to  South  Africa,  and  is  known  by  the  Dutch  colonists  as 
the  *' Aardvark"  or  Ground-hog.  The  animal  is  nocturnal  in  its  habits, 
and  lives  upon  insects.  The  body  is  elongated,  and  the  tail  is  long,  the 
species  attaining  a  total  length  of  four  feet  or  more.  The  l^s  are  short, 
and  the  feet  plantigrade,  the  anterior  pair  having  four  unguiculate  toes,  the 
posterior  five.  The  claws  are  strong  and  curved,  and  enable  the  anin^  to 
construct  extensive  burrows.  The  skin  is  very  thick,  and  is  thinly  covered 
with  bristly  hairs  ;  and  the  tail  is  hairy.  The  head  is  elongated,  and  the 
mouth  smalls-devoid  of  incisor  and  canine  teeth  (fig.  459),  but  furnished 

(g o . 
^ — ^1.    The  crowns  of  the  molars 

are  flat,  and  they  are  composed  of  dentine  traversed  by  numerous  dichot- 
omising pulp-cavities,  their  cross-section  resembling  a  piece  of  bamboo  cut 
across.  The  tongue  is  long,  flat,  and  slender,  and  is  covered  by  a  sticky 
saliva,  by  the  aid  of  which  the  animal  catches  insects.     The  head  is  long 
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and  atteDuated,  the  snout  truncated  and  callous,  and  the  ears  large,  erect, 
and  pointed.  Other  species  of  Orycteropus  occur  in  Senegal  and  Southern 
Nubia. 

5.  Dasypodida. — This  family  includes  only  the  Armadillos, 
which  are  exclusively  Neotropical  in  their  distribution,  and 
range  from  Patagonia  to  South  Texas.  The  Armadillos  are 
burrowing  animals,  furnished  with  strong  digging-claws  and 
well-developed  clavicles.  The  jaws  are  furnished  with  numer- 
ous simple  molars,  which  interlock  with  one  another  when  the 
mouth  is  closed  (fig.  456,  B).  In  one  species  lateral  incisors 
are  present  in  the  praemaxillae.  The  zygomatic  arch  is  com- 
plete. The  body  is  more  or  less  completely  protected  by  an 
exoskeleton  of  epidermal  scales  underlaid  by  dermal  bony 
scutes  or  shields,  which  are  united  to  one  another  by  sutures. 
In  its  most  complete  form,  this  exoskeleton  is  divided  into 


^^^3^_  tBifULki/T^^^ 


Fig.  460.— The  three-banded  Armadillo  {TolypenUs  conunn\  one-third  of  the 
natural  size.    (After  Murie.) 


separate  sections,  of  which  one  covers  the  head  and  another  the 
shoulders,  the  nape  of  the  neck  being  protected  by  an  inter- 
mediate series  of  nuchal  plates,  and  a  fourth  series  covering 
the  hind-quarters.  Between  the  pelvic  and  the  scapular  shields 
there  is,  typically,  a  series  of  movable  bands  of  scutes,  varying 
in  number  from  three  to  thirteen,  which  run  transversely  to 

3B 
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the  body,  and  give  the  necessary  flexibility  to  this  singular 
dermoskeleton.  In  some  forms  this  flexibility  is  so  great  that 
the  animal  can  roll  itself  up  like  a  hedgehog.  The  tail  is 
likewise  mostly  covered  with  bony  scutes.  The  spinous  pro- 
cesses of  the  second  cervical  and  of  all  the  dorsal  vertebrae  are 
specially  developed  to  carry  the  dermal  shield.  The  sternum 
and  first  rib  are  expanded,  and  sternal  ribs  are  present 

The  Armadillos  vary  in  length  from  half  a  foot  up  to  three  feet,  and  lire 
upon  insects,  worms,  carrion,  roots,  and  fruits.  The  largest  living  species 
is  the  Great  Armadillo  {PriodonUs  gigas\\xi  which  the  molars  reach  the 
enormous  number  of  nearly  one  hundred.  The  smallest  is  the  aberrant 
little  Chlamydophorus  truncatus^  which  is  only  six  inches  long^  and  in 
which  the  dermal  armour  has  the  form  of  a  long  dorsal  shield,  composed 
of  transverse  bands  of  scutes,  and  attached  in  front  to  the  frontal  bone. 
Other  well-known  species  are  the  Peba  {Dasypus  peba\  the  Poyou  (D.  sex- 
cinctus\  the  Peludo  (Z>.  viliosus),  and  the  Pichiy  {D.  minuius).  In  the 
genus  Tolypeutes  (fig.  460),  the  animal  walks  upon  the  tips  of  the  toes, 
and  has  the  power  of  rolling  itself  into  a  ball. 

As  regards  their  distribution  in  time^  the  oldest  Edentates 
at  present  known  occur  in  Europe.  These  are  the  Macrth 
therium  and  Ancylotherium  of  the  Miocene  Tertiary  (the  latter 
also  in  the  01ig:ocene),  both  apparently  allied  to  the  Oryctero- 
pidce,  with  affinities  to  the  Manida,  The  Pliocene  deposits 
of  North  America  have  yielded  to  the  researches  of  Pro- 
fessor Marsh  two  large  Edentates  of  the  new  genus  Mora- 
therium,  and  the  Miocene  deposits  of  the  same  country  contain 
the  remains  of  another  Edentate  type  {Morppus),  It  is,  how- 
ever, in  the  Post-tertiaiy  deposits  of  the  American  continent, 
and  especially  of  South  America — the  present  metropolis  of 
the  order — that  we  find  the  most  abundant  and  the  most  re- 
markable remains  of  Edentate  animals.  Here,  both  in  Post- 
pliocene  superficial  deposits  and  in  cave-earths  of  the  same 
age,  we  meet  with  the  remains  of  numerous  Edentates  often  of 
gigantic  size,  but  in  the  main  representing  the  existing  types. 

Thus  the  existing  Sloths  are  represented  in  the  Brazilian 
bone-caves  by  a  number  of  extinct  genera  of  Bradypodida, 
whilst  the  Post-pliocene  sands  and  gravels  of  the  open  country 
have  yielded  the  bones  of  various  huge  Edentates,  resembling 
the  Sloths  in  most  essential  respects,  but  adapted  for  a  terres- 
trial instead  of  an  arboreal  life.  Of  these  great  "Ground- 
sloths"  (6^rawjgrij//a),  the  most  remarkable  are  the  MegatJu-^ 
riuniy  which  attained  a  length  of  eighteen  feet,  with  bones  as 
massive  as,  or  more  so  than,  those  of  the  Elephant ;  and  the 
Mylodon  and  Megalonyx^  both  of  which  extended  their  range 
into  the  United  States. 

In  the  same  way  the  little  banded  Armadillos  of  South 
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America  were  formerly  represented  by  gigantic  species,  con- 
stituting the  genus  Glyptodon,    The  Glyptodons  (fig.  461)  dif- 


Fig.  ^61,— €fypiod4m  clavipes.     Pleistocene  deposits  of  South  America. 

fered  from  the  living  Armadillos  in  having  no  bands  in  their 
armour,  so  that  they  must  have  been  unable  to  roll  themselves 
up.  It  is  rare  at  the  present  day  to  meet  with  any  Armadillo 
over  two  or  three  feet  in  length ;  but  the  length  of  the  Glyp- 
todon  ciavipes,  from  the  tip  of  the  snout  to  the  end  of  the  tail, 
was  more  than  nine  feet  Besides  the  bandless  Glyptodons, 
extinct  forms  of  true  Armadillos  have  been  found  in  the 
Brazilian  bone-caves,  one  of  these  {Chlamydotherium)  being 
as  big  as  a  Rhinoceros.  In  the  same  deposits  are  also  foimd 
extinct  representatives  of  the  Myrmecophagidce  (viz.,  GIoss<h 
theriutn.) 


CHAPTER   LXVI. 

SIRENIA  AND  CETACEA. 

Order  IV.  Sirenia. — This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  have  been 
often  placed  with  the  true  Cetacea  (Whales  and  Dolphins)  in 
a  common  order.  Though  resembling  the  Cetaceans  in  their 
adaptation  to  an  aquatic  mode  of  life  and  in  the  absence  of  the 
pelvic  limbs,  the  Sirenia  are,  however,  really  more  closely 
allied  to  the  Ungulates  or  Hoofed  Quadrupeds  than  they  are 
to  the  Cetaceans. 

The  Sirenia  are  large  aquatic  MatnmalSy  somewhat  fish-like 
in  form,  the  hinder  end  of  the  body  being  developed  into  a  hori- 
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zontal  caudal  fin  formed  by  an  expansion  of  the  integuments. 
Hind-limbs  are  wanting^  and  the  fore-limbs  are  converted  into 
swimming-paddles  or  flippers.  The  muzzle  is  well  developed^  and 
the  nostrils  are  placed  upon  its  upper  surface.     The  skin  is  fur- 


Fig.  462. — A,  Side  view  of  young  Manatus  americanus;  6,  The  same  viem-ed 
from  above  ;  n  Nostrils.    (After  Muric) 

nished  with  scattered  bristles.  The  jaws  carry  enamelled  or  non- 
enamelled  molars  with  flattened  crowns,  adapted  for  bruising 
vegetable  substances  {horny  plates  instead  of  teeth  in  the  extinct 


Fig.  463.— Skeleton  of  the  Manatee  {Manatus  americoMUs). 


The 


Rhytina) ;  and  the  animal  is  diphyodont  or  monophyodont, 
mammce  are  two  in  number y  and  pectoral  in  position. 

The  Sirenians  are  vegetable-feeders,  and  were  for  this  reason 
termed  "  Herbivorous  Cetaceans  "  by  F.  Cuvier.  In  the  liv- 
ing species  the  jaws  carry  more  or  fewer  molar  teeth,  which 
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have  flattened  crowns,  while  the  front  of  the  upper  and  lower 
jaws  is  furnished  with  rough  homy  pads  or  plates.  In  the 
genus  Rhytina^  now  extinct,  there  were  no  true  teeth,  but  the 
place  of  these  was  taken  by  plates  of  horn.  Incisors  are  also 
present,  but  they  do  not  cut  the  gum,  except  in  the  case  of  the 
upper  incisors  of  the  male  Dugongs. 

The  cervical  vertebrae  are  more  or  less  lai^ely  free,  and  in 
Manatus  are  only  six  in  number.  No  proper  "sacrum"  is 
present  The  pelvis  is  rudimentary,  and  in  the  extinct  genus 
Halitherium  carried  a  rudimentary  femur.  In  the  living  forms 
no  traces  of  hind-limbs  are  present.  The  pectoral  arch  is  with- 
out clavicles.  The  fore-limbs  are  shortened,  and  are  converted 
into  pAddles  or  "flippers"  (fig.  464),  the  digits  being  enclosed 


Fig.  464.— Fore-limb  and  hand  of  the  Manatee  {^Manatus  amert'canus), 

in  the  skin.  The  shortening  of  the  limb  is,  however,  not 
nearly  so  marked  as  in  the  Cetaceans,  and  the  digits  not  only 
never  have  more  than  three  phalanges,  but  they  may  cany 
rudimentary  nails.  The  principal  organ  of  progression  is, 
however,  the  tail-fin,  which  has  the  form  of  a  flattened  hori- 
zontal expansion  of  the  skin.  There  is  no  dorsal  fin,  such 
as  is  found  in  many  Cetaceans. 

The  skin  is  thick,  but  carries  scattered  bristles,  which  are 
particularly  abundant  in  the  neighbourhood  of  the  mouth. 
The  snout  is  fleshy,  and  the  nostrils  are  borne  on  it,  the  nasal 
passages  being  inclined,  whereas  in  the  Cetaceans  the  nasal 
passages  are  vertical  and  the  nostrils  are  placed  on  the  top  of 
the  head.  The  ear  is  not  provided  with  an  external  concha. 
The  mammary  glands  are  two  in  number,  and  are  pectoral — a 
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fact  which,  taken  in  conjunction  with  the  habit  of  the  animal 
of  partially  raising  itself  out  of  the  water,  may  sufficiently 
account  for  the  "  mermaids  "  of  fable.  The  testes  are  retained 
throughout  life  in  the  abdomen,  and  vesiculae  seminales  are 
present. 

The  only  existing  Sirenians  are  the  Manatees  (Manafus) 
and  the  Dugongs  {Ifalicore)^  often  spoken  of  as  "  Sea-cows." 
The  living  forms  are  entirely  confined  to  the  shores  of  the 
seas  of  hot  regions,  or  to  the  rivers  which  flow  into  these  seas, 
and  they  are  found  in  both  the  Old  and  New  Worlds.  The 
extinct  Rhytina^  on  the  other  hand,  was  an  inhabitant  of  the 
Arctic  Ocean. 

The  Manatees  (MamUuSf  figs.  462,  463)  are  characterised  by  the  posses- 
sion of  numerous  ^^~<  to  -  ^H-  -  broad  molars,  which  are  never  all  in 
9 — 9        II— II 

use  at  one  time,  while  there  are  two  small  upper  incisors,  which  do 
not  cut  the  gum.  The  tail-fm  is  oblong  or  oval  in  shape  (fig.  462),  and 
the  outer  four  digits  are  in  some  species  provided  with  nails.  They  are 
essentially  aquatic  in  their  habits,  and  feed  upon  sea-weeds  or  river-plants. 
They  are  large,  awkward  animals,  growing  to  a  length  of  ten  feet  or  more, 
and  having  a  dense,  rugose  skin,  with  long,  scattered  bristles.  Three 
living  species  of  Manatus  are  known,  of  which  one  (J/  setugaUnsis)  in- 
habits the  west  coast  of  Africa,  and  makes  its  way  up  all  the  larger  rivers 
far  into  the  interior.  A  second  species  {M,  latirostris)  inhabits  the  Gulf 
of  Mexico  and  the  shores  of  the  Antilles.  The  third  {M,  americantu 
or  Af.  inunguis)  is  found  on  the  east  coast  of  South  America,  and  inhabits 
the  Amazon  and  its  larger  tributaries. 

The  Dugongs  {Hcdicore^  fig.  465,  A)  have  5ll5  or    — -^  molar  teeth 

5—5        6—6 
in  the  young  condition,  but  these  are  never  all  in  use  at  one  time.     The 
molars  are  without  enamel,  and  are  single-rooted.     Inferior  incisors  are 


Fig.  465.— A,  Side  view  of  the  skull  of  the  Duffong  (HaUcore\  showins  the  ttuk-like 
upper  incisors  ;  6,  Side  view  of  the  skull  of  Manatee  (MoMaitts),    (After  Cuvier.) 

present  in  the  young  animal,  but  are  wanting  in  the  adult.  The  upper 
jaw  carries  two  permanent  incisors,  which  are  entirely  concealed  in  the 
jaw  in  the  females,  but  which  increase  in  size  in  the  males  with  the  age  of 
the  animal,  till  they  become  pointed  tusks.  Both  upper  and  lower  jaws 
are  strongly  bent  down  in  front,  and  the  deflexed  portions  of  the  jaws  bear 
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horny  plates.  The  anterior  extremities  are  nail-less,  and  the  tail-fin  is 
crescentic  in  shape.  In  their  general  appearance  and  in  their  habits  the 
Dugongs  differ  little  from  the  Manatees,  but  they  are  more  strictly  marine 
forms.  They  attain  a  length  of  from  eight  to  ten,  twelve,  or  more  feet, 
and  are  found  on  the  coasts  of  the  Indian  Ocean  and  its  islands,  extending 
their  range  to  the  north  coast  of  Australia.  The  bones  are  remarkable 
for  their  extreme  density,  their  texture  being  nearly  as  close  as  ivory. 

The  Manatees  and  Dugongs,  as  before  said,  are  the  only  living  Sirenia  ; 
but  besides  these  there  is  a  very  singular  form,  the  Rhytina  Stelleri, 
which  is  now  extinct,  having  been  exterminated  by  man  within  a  compar- 
atively recent  period.  This  remarkable  animal  was  discovered  about  the 
middle  of  the  eighteenth  century  in  a  little  island  (Behring's  Island)  off  the 
coast  of  Kamtchatka.  Upon  this  island  the  celebrated  voyager  Behring 
was  wrecked,  and  he  found  the  place  inhabited  by  these  enormous  ani- 
mals, which  were  subsequently  described  by  M.  Steller,  who  formed  one 
of  his  party.  The  discovery,  however,  was  fatal  to  the  Rhytina^  for  the 
last  appears  to  have  been  seen  in  the  year  1768.  The  Rhvtina  was  an 
animal  of  great  size,  measuring  twenty-five  to  thirty -five  feet  m  length,  and 
twenty  feet  at  its  greatest  circumference.     There  can  hardly  be  said  to 

have  been  any  true  teeth,  but  the  jaws  contained  -^   large  lamelliform 

fibrous  structures,  which  officiated  as  teeth,  and  may  be  looked  upon  as 
molars.  These  singular  structures  are  not  teeth^  in  the  true  sense  of  this 
term ;  but  they  are  similar  to  the  horny  tuberculated  plates  found  in  the 
front  of  the  mouth  of  the  Dugong  and  Manatee,  and  the  upper  ones  may  be 
regarded  as  the  equivalent  of  the  anterior  palatine  pad  of  the  Ruminants 
(Murie).  The  epiaermis  was  extremely  thiclc  and  fibrous,  and  hairs  appear 
to  have  been  wanting.  There  was  a  crescentic  tail-fin,  and  the  anterior 
limbs  were  exceedingly  short. 

As  regards  the  distribution  in  time  of  the  Sirenia,  the  oldest 
known  remains  referable  to  the  order  are  found  in  the  Eocene 
Tertiary  {Eotherium),  Of  the  same  age  is  probably  the  inter- 
esting form  described  from  the  Tertiary  deposits  of  Jamaica 
by  Owen  under  the  name  of  Prorastomus  sirenoides.  This 
type  is  remarkable  as  possessing  upper  and  lower  canines  in 
addition  to  molar  and  incisor  teeth.  The  Miocene  and 
Pliocene  deposits  of  Europe  have  yielded  remains  of  numer- 
ous Sirenians  belonging  to  various  genera,  the  best  known 
being  Halitherium,  in  which  there  are  tusk-like  upper  incisors 
(as  in  Hdlicore),  combined  with  enamelled  molars  (as  in 
Manatus\  and  in  which  a  rudimentary  femur  is  attached  to 
the  pelvis.  Remains  of  Rhytina  occur  in  the  Post-pliocene  of 
Siberia. 

Order  V.  Cetacea. — This  order  includes  the  Whales,  Dol- 
phins, Porpoises,  &c.,  which  are  characterised  as  being  aquatic 
fishrlike  Mammals,  with  a  thick,  smooth,  and  nearly  or  quite 
hairless  skin.  The  hinder  end  of  the  body  is  furnished  with  a 
horizontal  expansion  of  the  integuments,  constituting  a  caudal  fin, 
and  there  may  be  an  integumentary  dorsal  fin  as  well.  There 
are  no  hind-limbs,  or  merely  internal  rudiments  of  such,  and  the 
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fare-limbs  are  converted  into  paddles  or  flippers.  The  nasal 
passages  have  a  vertical  direction^  and  the  nostrils  (spiracle  or 
blow-holes)  are  placed  on  the  top  of  the  head.  The  ear  has  no 
concha.  Teeth  may  be  wanting ;  and  when  present,  are,  in  all 
living  formsy  simple,  numerous,  of  one  kind  only,  and  one-rooted, 
the  animal  being  monophyodont.  The  mammary  glands  are  two 
in  number,  and  are  inguinal.  The  testes  are  retained  throughout 
life  within  the  cUfdomen,  and  there  are  no 
vesiculce  seminales. 

The  body  in  the  Cetaceans  is  fish- 
like, the  head  being  of  disproportion- 
ate size,  and  not  separated  from  the 
body  by  any  distinct  constriction  or 
neck.  More  or  fewer  of  the  cervical 
vertebrae  are  anchylosed  with  one  an- 
other. There  is  no  distinct  "sacrum"; 
but  a  rudimentary  pelvis  is  present. 
In  the  Toothless  Whales  there  is  often 
a  rudimentary  femur,  and  sometimes 
{Balana  mysticetus)  a  cartilaginous  tibia 
as  well.  In  the  Toothed  Cetaceans 
even  these  rudiments  of  hind-limbs 
appear  to  be  wanting. 

The  pectoral  arch  is  without  a  clav- 
icle, and  the  sternum  is  broad  and  flat 
The  fore-limbs  are  converted  into  pad- 
dles or  **  flippers  " ;  the  humerus  being 
much  reduced  in  length  (fig.  466),  as 
also  are  the  radius  and  ulna,  which  are 
firmly  joined  together.  The  digits  are 
all  completely  enclosed  in  a  tendinous 
skin,  the  hand  being  thus  reduced  to 
a  nailless  oar-like  fin,  while  in  some  of 
the  digits  the  number  of  phalanges  is 
always  increased  (fig.  466). 

The  skull  is  more  or  less  elongated, 
often  unsymmetrically  developed,  and 
having  the  maxillae  and  praemaxillae 
more  or  less  produced.  The  nasal 
passages  are  vertical,  and  are  not  cov- 
ered by  the  much  reduced  nasal  bones. 
Teeth  may  or  may  not  be  present,  and  when  present  are 
always  simple  (in  living  forms)  and  are  usually  numerous. 

The  skin  is  thick,  and  is  underlaid  by  a  thick  stratum  of 
subcutaneous  fat  (blubber).     In  the  adult  the  skin  is  usually 


Fig.  466.  — Hand  of  Round- 
headed  Dolphin.  I  —  V, 
Digits  ;  r  Radius ;  n  Ulna ; 
c  Carpus ;  w^,  w*  First  and 
fiAh  metacarpal. 
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totally  hairless,  but  in  some  cases  a  very  limited  number  of 
scattered  hairs  may  be  present  on  the  lips.*  The  caudal  fin 
is  a  great  tendinous  expansion  of  the  integuments  posteriorly, 
and  in  many  cases  the  skin  of  the  back  is  likewise  raised  into 
a  dorsal  fin. 

The  eyes  are  very  small  and  without  eyelashes.  The  ear 
has  no  concha,  and  the  external  meatus  is  exceedingly  small. 
Owing  to  the  vertical  position  of  the  nasal  passages,  the 
nostrils  come  to  be  placed  on  the  top  of  the  head,  and  con- 
stitute a  single  or  double  "blow-hole"  or  "spiracle."  The 
animal  can  thus  obtain  air  on  rising  to  the  surface,  without 
exposing  more  than  the  upper  portion  of  the  head.  The 
epiglottis  and  laryngeal  cartilages  are  united  to  form  a  tube, 
which  is  prolonged  upwards  behind  the  soft  palate,  so  as  to 
come  into  apposition  with  the  posterior  nares,  thus  allowing 
the  animal  to  swallow  under  water  without  choking.  There 
are  also  great  networks  of  blood-vessels  {retia  mirabilia)  along 
the  under  surface  of  the  spine  and  base  of  the  skull,  which 
have  been  supposed  to  store  up  blood  during  submersion. 
On  rising  to  the  surface  to  breathe,  the  animal  expels  from 
its  lungs  the  air  which  had  been  contained  in  these  organs, 
and  which  is  thus  charged  with  watery  vapour.  By  the  con- 
densation of  this  vapour,  the  expired  air  acquires  the  appear- 
ance of  a  column  of  water ;  a  certain  amount  of  actual  water 
being  perhaps  carried  up  along  with  the  jet  of  expelled  air, 
or  driven  out  of  the  cavity  of  the  nose  along  with  the  air. 
It  is  this  phenomenon  which  is  generally  spoken  of  as  the 
"blowing"  or  "spouting"  of  a  Cetacean.  The  Cetaceans 
inhabit  the  sea,  or  rarely  fresh  waters,  and  are  all  carnivorous. 
They  have  a  very  wide  distribution,  and  may  be  divided  into 
the  six  families  of  the  BaicenidcR  or  Whalebone  Whales,  the 
DelphinidcB  or  Dolphins  and  Porpoises,  the  Squaiodantidce^  the 
CatodontidcB  or  Sperm  Whales,  the  Rhynchoceii  or  Ziphioid 
Whales,  and  the  Zeuglodontidce,  Of  these  the  BaianidcR  are 
often  spoken  of  as  the  "  toothless  "  Whales,  whilst  the  other 
five  families  are  called  the  "  toothed"  Whales  {Odontocett). 

Fam,  I.  Balanida, — The  Balceniday  or  Toothless  Whales, 
are  characterised  by  the  total  absence  of  teeth  in  the  adult 
(fig.  467).  Teeth  are,  however,  present  in  the  foetal  Whale, 
but  they  never  cut  the  gum.  The  place  of  teeth  is  supplied 
by  a  number  of  plates  of  whalebone  or  "  baleen  "  attached  to 
the  palate;  hence  the  name  of  "whalebone  whales"  often 

*  Thus  it  has  been  shown  by  Professor  Struthers  that  the  lips  of  Megap^ 
tera  possess  a  few  scattered  hairs,  and  these  appendages  have  been  recog- 
nised by  the  same  observer  in  the  case  of  others  of  the  Finner  Whales. 
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given  to  this  family.  They  are  the  largest  of  living  animals, 
and  may  be  divided  into  the  two  sections  of  the  Smooth 
Whales,  in  which  the  skin  is  smooth  and  there  is  no  dorsal 
fin  (as  in  the  Greenland  Whale),  and  the  Furrowed  Whales, 
in  which  the  skin  is  furrowed  and  a  dorsal  fin  is  present  (as 
in  the  so-called  Finner  AVhales  and  Hump-backed  Whales). 


Fig.  467.— Skull  of  the  Right  Whale  {Baltena  mysticetus,)    (After  Owen.) 

The  Greenland  or  *' Right"  Whale  {Baltena  mysticetus)  will  illustrate 
almost  all  the  leading  points  of  interest  in  the  family.  The  Greenland 
Whale  is  the  animal  which  is  sought  after  in  the  whale-fisheiy  of  Europe, 
and  hence  the  name  of  "Right  Whale  often  applied  to  it.  It  is  an 
inhabitant  of  the  Arctic  seas,  and  reaches  a  length  of  from  forty  to  sixty 
feet.  Of  this  enormous  length,  nearly  one-third  is  made  up  of  the  head, 
so  that  the  eye  looks  as  if  it  were  placed  nearly  in  the  middle  of  the  body. 
The  skin  is  completely  smooth,  and  is  destitute  of  hairs  in  the  adult.  The 
fore -limbs  are  converted  into  "flippers"  or  swimming-paddles,  but  the 
main  organ  of  progression  is  the  tail,  which  often  measures  from  twenty 
to  twenty-five  feet  m  breadth.  The  mouth  is  of  enormous  size,  the  upper 
jaw  much  narrower  than  the  lower,  and  both  completely  destitute  of  teeth. 
Along  the  middle  of  the  palate  runs  a  strong  keel,  bordered  by  two  lateral 
depressions,  one  on  each  side.  Arranged  transversely  in  these  lateral 
depressions  are  an  enormous  number  of  homy  plates,  constituting  what  is 
known  as  the  "  baleen  "  plates,  from  which  the  whalebone  of  commerce 
is  derived.  The  arrangement  of  the  plates  of  baleen  is  as  follows  (fig. 
468) :  Each  plate. is  triangular  in  shape,  the  shortest  side  or  base  being 
deeply  sunk  in  the  palate.  The  outer  edge  of  the  plate  is  nearly  straight, 
and  is  quite  unbroken.  The  inner  edge  is  slightly  concave,  and  is  fur- 
nished with  a  close  fringe  formed  of  detached  fibres  of  whalebone.  For 
simplicity's  sake  each  baleen-plate  has  been  regarded  here  as  a  single  plate, 
but  in  reality  each  plate  is  composed  of  several  pieces,  of  which  the  outer- 
most is  by  far  the  largest,  whilst  the  others  gradually  decrease  in  size 
towards  the  middle  line  of  the  palate.  The  large  marginal  plates  are  from 
eight  to  ten  or  more  feet  in  length,  and  there  may  be  over  one  hundred  on 
each  side  of  the  mouth. 

The  object  of  the  whole  series  of  baleen-plates  with  which  the  palate  is 
furnished,  is  as  follows :  The  Whale  is  a  strictly  carnivorous  animal,  but 
owing  to  the  absence  of  teeth  and  the  comparatively  small  calibre  of 
the  oesophagus,  it  necessarily  lives  upon  very  diminutive  animals.  The 
Whale,  m  fact,  lives  mostly  upon  the  shoals  of  small  Pteropodous  Molluscs, 
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Crustacea^  CtettophorcL,  and  Medusa^  which  swarm  in  the  Arctic  seas.  To 
obtain  these,  the  whale  swims  with  the  mouth  opened,  and  thus  fills  the 
mouth  with  an  enormous  mass  of  water.  The  baleen-plates  have  the 
obvious  function  of  a  "screening  apparatus."  The  water  is  strained 
through  the  numerous  plates  of  baleen,  and  all  the  minute  animals  which 


Fig.  468.— Diagram  of  the  baleen-plates  of  a  Whale,  a  a  Section  of  the  palatal  surface 
of  the  upper  jaw,  showing  the  strong  median  ridge  or  keel ;  b  b  Baleen-plates  sunk  at 
their  bases  in  the  palate  ;yy  Fibrous  margin  of  baleen-plates. 

it  contains  are  arrested  and  collected  tc^ether  by  the  inner  fibrous  edges 
of  the  baleen-plates.  When,  by  a  repetition  of  this  process,  the  "Whale 
has  accumulated  a  sufficient  quantity  of  food  within  the  central  cavity  of 
the  mouth,  it  is  enabled  to  swallow  it  without  taking  in  the  water  at  the 
same  time. 

The  skin  in  the  Right  Whale  is  perfectlv  smooth  and  naked,  but  it  is 
underlaid  by  a  thick  layer  of  subcutaneous  fat,  which  varies  from  eight  to 
fifteen  inches  in  thickness,  and  is  known  as  the  " blubber."  The  blubber 
serves  partly  to  give  buoyancy  to  the  body,  but  more  especially  to  protect 
the  animal  against  the  extreme  cold  of  the  medium  in  which  it  lives.  It  is 
the  blubber  which  is  chiefly  the  object  of  the  whale-fishery,  as  it  yields  the 
whale-oil  of  commerce. 

The  whale  which  is  captured  in  the  South  Atlantic  is  not  the  same 
species  as  the  Greenland  Whale,  and  is  termed  the  Bahtna  australis.  It 
is  much  about  the  size  of  the  Right  Whale,  averaging  about  fifty  feet,  but 
the  head  is  proportionately  smaller.  Another  Atlantic  species  is  the  B, 
Iriscayensis.  In  the  South  Pacific  occurs  Balana  antipodarum^  and  in  the 
North  Pacific  we  meet  with  the  B.  Jafcnica  along  with  the  B,  mysHcetus 
or  Right  Whale  of  the  North  Atlantic  (Van  Beneden). 

The  only  remaining  members  of  the  Balcniida  which  require  notice  are 
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the  Rorquals  and  Hump-backed  Whales,  constituting  the  group  of  the 
**  Furrowed  "  Whales.  These  are  collectively  distinguished  by  having  the 
skin  furrowed  or  plaited  to  a  greater  or  less  extent,  whilst  the  baleen-plates 
are  short,  and  there  is  a  dorsal  fin.  The  specific  determination  of  these 
animals  is  a  matter  of  great  difficulty,  but  there  would  appear  to  be  prob- 
ably three  well-marked  genera :  i.  The  genus  Mega^era,  including  the 
so-called  Hump-backed  Whales,  in  which  the  flippers  are  of  great  length, 
from  one-third  to  one-fifth  of  the  entire  length  of^tne  body.  2.  The  genus 
Balanoptera^  comprising  the  so-called  Rorcjuals  or  Piked  Whales,  in  which 
the  flippers  are  of  moderate  size.  3.  The  Fmner  Whales  proper  (Phyudus). 
In  all  these  genera  there  is  a  dorsal  adipose  fin,  so  that  they  are  all 
'*Finner  Whales."  The  Balanoptera  reach  a  gigantic  size,  being  some- 
times as  much  as  eighty  or  one  hundred  feet  in  length.  They  are  very 
active  animals,  however,  and  their  whalebone  is  comparatively  valueless, 
so  that  the  whalers  rarely  meddle  with  them,  though  they  are  not  uncom- 
mon, and  are  often  driven  ashore  on  our  own  coasts. 

Fam.  2.  Catodontida, — The  family  of  the  Catodontidit  or 
Physeterid(B  comprises  the  Sperm  Whales  or  Cachalots,  with 
which  we  commence  the  series  of  toothed  Whales  {Odonioceit), 
They  are  characterised  by  the  fact  that  the  palate  is  destitute 
of  baleen-plates,  and  the  lower  jaw  possesses  a  series  (from 
forty  to  fifty  or  more)  of  pointed  conical  teeth,  separat€^d  by 
intervals,  and  sunk  in  a  common  alveolar  groove,  which  is 
only  imperfectly  divided  by  septa.  The  upper  jaw  is  also  in 
reality  furnished  with  teeth,  but  these  do  not  cut  the  gum. 

The  best-known  species  of  this  family  is  the  great  Cachalot  or  S[>er- 
maceti  Whale  {Phvseter  macrocephalus^  fig.  469).     This  animal  is  of  enor- 


Fig.  469. — Spermaceti  \\\is\c  {PhjtseUr  macroctphalus). 

mous  size,  averaging  from  fifty  to  seventy  feet  in  length,  but  the  females 
are  a  good  deal  smaller  than  the  males.  The  head  is  disproportion- 
ately large,  as  in  the  Balanidaj  forming  more  than  one-third  ot  the  entire 
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length  of  the  body.  The  snout  forms  a  broad  truncated  muzzle,  and  the 
nostrils  are  placed  near  the  front  margin  of  this.  The  Sperm  Whales 
live  together  in  troops  or  "schools,"  and  they  are  found  in  various  seas, 
especially  within  the  tropics.  They  are  largely  sought  after,  chiefly  for 
the  substance  known  as  **  spermaceti ";  but  besides  this  they  yield  oil  and 
the  singular  body  called  "ambergris."  The  spermaceti  is  a  fatty  sub- 
stance, which  has  the  power  of  concreting  when  exposed  to  the  air,  being 
in  life  a  clear  white  oily  liquid.  It  is  not  only  diffused  through  the  entire 
blubber,  but  is  also  contained  in  special  cavities  of  the  head.  The  sperm- 
oil  yielded  by  the  blubber  b  exceedingly  pure,  and  is  free  from  the  un- 
pleasant odour  of  ordinary  whale-oil.  The  ambergris  is  a  peculiar  sub- 
stance which  is  found  in  masses  in  the  intestine,  and  is  probably  of  the 
nature  of  a  biliary  calculus,  since  it  is  said  to  be  composed  of  a  substance 
very  nearly  allied  to  cholesterine.  It  is  used  both  as  a  perfume  itself,  and 
to  mix  with  other  perfumes. 

Fam,  3.  jDelphinida, — This  family  includes  the  Dolphins, 
Porpoises,  and  Narwhal,  and  is  characterised  by  usually  pos- 
sessing teeth  in  both  jaws:  the  teeth  being  numerous,  and 
conical  in  shape  (fig.  470).     The  nostrils,  as  in  the  last  family, 


Fig.  470. — Side  view  of  the  skull  of  Delphinus  tursio.    (After  Cuvier.) 

are  united,  but  they  are  placed  further  back,  upon  the  top  of 
the  head.  The  single  blow-hole  or  nostril  is  transverse  and 
mostly  crescentic  or  lunate  in  shape.  The  head  is  by  no 
means  so  disproportionately  large  as  in  the  former  families, 
visually  forming  about  one-seventh  of  the  entire  length  of  the 
body. 

The  most  noticeable  members  of  this  family  are  the  true 
Dolphins,  the  Porpoises,  and  the  Narwhal. 

The  Dolphins  have  an  elongated  snout,  separated  from  the  head  by  a 
transverse  aepression.  The  common  Dolphin  {Delphinus  delphis,  fig.  471) 
is  the  best-known  species.  It  averages  from  six  to  eight  feet  in  length, 
and  has  a  habit  of  swimming  in  flocks,  often  accompanying  ships  for  many 
miles.  The  female,  like  most  of  the  Cetacea^  is  uniparous.  Tlie  Dolphin 
occurs  commonly  in  all  European  seas,  and  is  especially  abundant  in  the 
Mediterranean. 

The  common  Porpoise  {Phocatta  communis)  is  the  commonest  and 
smallest  of  all  the  Cetacea^  rarely  exceeding  four  feet  in  length.  The  head 
is  blunt,  and  is  not  produced  into  a  projecting  muzzle.  The  Porpoise 
frequents  the  Atlantic,  Pacific,  Mediterranean,  and  Arctic  Oceans,  and  the 
North  Sea,  and  is  commonly  seen  off  our  coasts.    Another  British  species  is 
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-.^  ^Jjouitor),  but  this  is  modi  haga,  attauning  a  length 

. .    o  -.weaty  feeL     Nearly  aUied  to  the  Giampns  is  the  so- 

Whiile,  or,  as  it  is  sometimes  tcnned,  the  Bottle-nosed 

'itiitts  milas  or  Phocana  gUinc^ps .    This  species  occurs  not 


Fig.  471.— The  Common  Dolphin  {Del^tuu  del^s\ 

uncommonly  round  the  Orkney  and  Shetland  Islands,  and  attains  a  length 
of  as  much  as  twenty-four  feet.  It  is  gregarioos  in  its  habits,  and  is  often 
killed  for  the  sake  of  its  oil. 

Closely  allied  to  the  true  Dolphins  are  some  canons  Cetaceans,  belonging 
to  three  genera,  and  all  inhabitmg  fresh  waters^  One  of  these  is  the  Gan- 
getic  Dolphin  {Platanista  gangetica\  which  inhabits  the  Ganges,  espedaDy 
near  its  mouth.  This  singular  animal  is  characterised  by  the  great  lei^th 
of  its  slender  muzzle,  and  by  the  small  size  of  the  eyes.  It  attains  the 
length  of  seven  feet,  and  the  blow-hole  is  a  longitudinal  fissure,  and  there- 
fore quite  unlike  that  of  the  typical  Delphinidn.  Closely  allied  to  this,  or 
identical  with  it,  is  the  Platanista  indi  of  the  Indus.  Another  fresh-water 
form  is  the  Inia  boHvUnsis^  which  inhabits  the  rivers  of  Bolivia,  and  is 
found  at  a  distance  of  more  than  two  thousand  miles  from  the  sea.  Lastly. 
the  Ponioporia  BlcUfwillii  is  a  small  Dolphin  which  inhabits  the  mouths 
of  the  rivers  of  the  Argentine  Republic  and  of  Patagonia,  and  also  fre- 
quents the  sea. 

The  last  of  the  Delphinida  is  the  extraordinary  Narwhal  or  Sea-nnicora 
{Monodon  nionoceros), .  The  Narwhal  is  an  inhabitant  of  the  Arctic  seas, 
and  attains  a  length  of  as  much  as  fifteen  feet,  counting  in  the  body  alone. 
The  dentition,  however,  is  what  constitutes  the  great  peculiarity  of  the 
Narwhal.  The  lower  jaw  is  altogether  destitute"  of  teeth,  and  the  upper 
jaw  in  the  females  also  exhibits  no  teeth  externally,  as  a  general  rule  at  any 
rate,  though  there  are  two  rudimentary  canines  which  do  not  cut  the  gnm. 
In  the  males  the  lower  jaw  is  likewise  edentulous,  but  the  upper  jaw  is 
furnished  with  two  molar  teeth  concealed  in  the  gum,  and  with  two  canines. 
Of  these  two  upper  canines,  that  of  the  right  side  is  generally  mdimentaiy, 
and  is  concealed  from  view.  The  left  upper  canine,  on  the  other  hand, 
is  developed  from  a  permanent  pulp,  and  grows  to  an  enormous  size,  con- 
tinuing to  increase  in  length  throughout  the  life  of  the  animal.  It  forms 
a  tusk  of  from  eight  to  ten  feet  in  length,  and  it  has  its  entire  surface 
spirally  twisted.  As  an  abnormality,  both  the  upper  canines  may  be 
developed  in  this  way  so  as  to  form  projecting  tusks ;  and  it  is  stated 
that  the  tusk  is  occasionally  present  in  the  female.  The  function  oi  this 
extraordinary  tooth  is  doubtless  offensive. 

Fam,  4.  Squalodontidce, — In  the  neighbourhood  of  the  pre- 
ceding family  may  be  placed  the  extinct  genus  Squahdon^  in 


CETACEA. 


767 


which  the  jaws  are  furnished  with  two  kinds  of  teeth,  the 
anterior  teeth  being  conical,  while  the  posterior  teeth  have 
serrated  crowns,  and  are  often  two-rooted,  though  in  other 
cases  one-rooted.  Though  resembling  the  extinct  family  of 
the  Zeuglodonts  in  their  dentition,  the  Squalodonts  approach 
the  Dolphins  in  the  structure  of  the  skull.  The  species 
of  Squalodon  are  confined  to  the  Miocene  and  Pliocene 
Tertiary. 

Fdm.  5.  Rhynchocetu — This  family  is  allied  to  the  Cachalots 
or  Sperm  Whales,  and  includes  the  so-called  "Ziphioid  Whales." 
They  are  distinguished  by  the  possession  of  a  pointed  shout 
(the  **  beak  "  or  "  rostrum  *'),  single  blow-hole,  and  small  dorsal 
fin,  and  by  their  dentition.  The  upper  jaw  is  greatly  extended 
and  is  edentulous,  any  teeth  which  may  be  present  not  cutting 
the  gum.  The  lower  jaw,  on  the  other  hand,  possesses  usually  a 
single  pair  of  teeth,  sometimes  two  pairs,  which  are  sometimes 
tusk-like,  but  which  in  other  cases  are  concealed  by  the  gum, 
and  are  always  most  conspicuous  in  the  males. 

The  rostrum  of  these  Cetaceans  is  of  great  density,  and  has  often  been 
preserved  in  a  fossil  state,  usually  presenting  itself  as  a  bony  cylinder  or 
elongated  cone,  generally  more  or  less  water-worn.  The  most  important 
living  genera  are  Hyperoodon  and  Ziphius,  of  which  the  former  is  found 
in  the  North  Atlantic,  and  the  latter  in  the  Mediterranean  and  South  At- 
lantic. The  genera  Berardius  and  Mesoplodon  belong  to  the  New  Zealand 
province,  species  of  the  latter  having  been  also  obtained  at  the  Cape  of 
Good  Hope  and  on  the  coasts  of  Britain  and  France. 


Fig.  472— A,  Restoration  of  the  skull  ot  Zeuglodan,     B,  Tooth  of 
the  same.    (After  Gaudry.) 

Fam,  6.  Z^uglodontida. — The  members  of  this 
family  differ  from  all  existing  Odontoceti  in  the 
possession  of  molar  teeth  implanted  by  two 
distinct  fangs.  Incisor  teeth  are  likewise  pres- 
ent, and  the  animal  is  diphyodont.  The  Zeu- 
glodonts are  entirely  extinct,  and  they  are  ex- 
clusively confined  to  the  Eocene,  Miocene,  and  Pliocene 
periods. 
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The  only  genus  included  in  this  family  (if  the  Squalodonts  be  regarded 
as  forming  a  separate  family)  is  Zeuglodon  itself,  characterised  by  the  elon- 
gated snout,  conical  incisors,  and  molar  teeth  vrith  triangular  serrated 
crowns,  implanted  in  the  jaw  by  two  roots.  Each  molar  looks  as  if  it  wrere 
composed  of  two  separate  teeth  united  on  one  side  by  their  crowns ;  and 
it  is  this  peculiarity  which  is  expressed  by  the  generic  name.  The  species 
of  Zeuglodon  are  found  in  the  Eocene  and  Miocene. 

As  regards  the  distribution  in  time  of  the  Cetacea,  no  mem- 
ber of  the  order  is  as  yet  known  with  certainty  to  have  existed 
during  the  Secondary  period.  The  Zeuglodonts  are  confined 
to  the  Eocene  and  Miocene  Tertiary,  and  the  Squalodonts  are 
found  in  Miocene  and  Pliocene  deposits.  The  Whalebone 
Whales  {Balanidce)  are  represented  in  rocks  as  old  as  the 
Eocene.  The  Ziphioid  Whales  begin  in  the  Pliocene,  as  do 
the  CatodontidcB ;  but  the  Delphintda  are  known  to  occur  in 
the  Miocene  Tertiary. 


CHAPTER    LXVIL 

UNGULATA, 

Order  VI.  Ungulata. — The  order  of  the  Ungidata^  or 
Hoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Mammalia.  It  corresponds  with  the 
two  orders  of  the  Pachydermata  and  the  Ruminantia  in  the 
Cuvierian  classification  ;  the  former  of  these  comprising  a 
number  of  thick-skinned  and  scantily-haired  Ungulates,  such 
as  the  Elephants,  Rhinoceroses,  Pigs,  Hippopotamus,  &c., 
while  the  latter  included  the  Oxen,  Sheep,  Deer,  Camels,  and 
such  other  Ungulates  as  chew  the  cud  or  "  ruminate."  With 
the  exception  of  the  Elephants,  which  are  now  placed  in  the 
separate  order  of  the  Proboscidea^  the  two  old  orders  above 
mentioned  are  now  grouped  together  into  the  single  order  of 
the  Ungulata,  or  Hoofed  Quadrupeds,  and  the  following  are 
the  characters  of  the  order : — 

All  the  four  limbs  are  present ,  and  that  portion  of  the  toe  which 
touches  the  ground  is  always  encased  in  a  greatly-expanded  nail, 
constituting  a  '^hoof'^  Only  in  a  few  extinct  forms  {the  Cory- 
phodontidce)  are  there  more  than  four  full-sized  toes  to  each  limb. 
In  all  living  forms  the  pollex  and  hallux  at  least  are  wanting. 
Oiving  to  the  encasement  of  the  toes  in  hoofs,  the  limbs  are  useless 
for  prehension,  and  only  subserve  locomotion  ;  hence  clavicles  are 
always  wanting  in  the  entire  order.     There  are  always  two  sets 
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of  enamelled  teeth^  so  that  the  animal  is  diphyodont.  The  molar 
teeth  are  massive^  and  have  broad  crowns  adapted  for  grinding 
vegetable  substances. 

In  accordance  with  the  number  of  the  digits  (fig.  473),  the 


Fig.  473-— Feet  of  Ungulata.  A,  Fore-foot  of  Tapir  (Taurus  maiayanus) ;  B,  Peri-wo- 
dactyle  fore-foot  ol  Rhinoceros  sumatremis;  C,  Artiodactyle  foot  of  Pig  {Sus 
scrv/ln).  The  figures  indicate  which  of  the  normal  five  digits  are  present  in  each  foot. 
(After  Flower.) 

order  Ungulata  is  divided  into  two  primary  sections  :  The 
Perissodactyla^  in  which  the  toes  or  hoofs  are  odd  in  number 
(one  or  three,  or,  in  the  extinct  Coryphodantidce^  five),  and  the 
Artiodactyla^  in  which  the  toes  are  even  in  number  (two  or 
four). 

Perissodactvle  Ungulates. 

Section  A.  Perissodactyla. — ^The  section  of  the  Peris- 
sodactyle  Ungulates  includes  the  Rhinoceros,  the  Tapirs,  the 
Horse  and  its  allies,  and  some  extinct  forms,  all  agreeing  in 
the  following  characters  : — 

The  hindfeet  are  odd-toed  in  all  (fig.  473,  B),  and  the  forefeet 
in  all  except  the  Tapirs  and  BrontotheridcBy  the  third  toe  being 
the  principal  digit  and  being  symmetrical  in  itself  The  dor  so- 
lumbar  vertebra  are  never  less  than  twenty-two  in  number.  The 
femur  has  a  third  trochanter.  The  horns^  if  present^  are  not 
paired  (except  in  the  extinct  genus  Dicer atherium^  and  in  the 
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family  of  the  Brontotherida).  Usually  there  is  only  one  7wm^ 
but  if  there  are  twOy  these  are  placed  in  the  middle  line  of  the 
heady  one  behind  the  other  {fig,  477).  In  neither  ease  are  the 
horns  ever  supported  by  bony  horn-cores.  77ie  stomach  is  simple 
and  not  divided  into  several  compartments ;  and  there  is  a  large 
and  capacious  ccecum. 

The  three  existing  groups  of  Perissodactyle  Ungulates — 

namely,  the  Horses,  Tapirs, 
and  Rhinoceroses — are  widely 
removed  from  one  another  in 
many  important  characters  ; 
but  the  intervals  between 
them  are  largely  filled  up  by 
an  extensive  series  of  fossil 
forms,  commencing  in  the 
Lower  Tertiary  strata. 

The  section  of  the  Perisso- 
dactyle Ungulates  includes  the 
following  seven  families  : — 

Fam  I.  CoryphodontidiB. — 
This  family  comprises  only  a 
number  of  extinct  Tapir-like 
animals,  belonging  to  the  Eo- 
cene period.  The  skull  is  of  the  Perissodactyle  type,  horn- 
less, with  small  nasal  bones.  The  brain  is  remarkably  small, 
and  the  dentition  is  complete,  the  dental  formula  being — 


Fig.  474 


Fore-foot  of  Cotyphodon. 
Marsh.)    Eocene  Tertiary. 
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The  canines  are  not  excessively  developed,  and  the  molars  are 
of  the  Tapiroid  type,  having  two  transverse  crests  or  ridges. 
The  limbs  are  short,  and  both  the  fore-feet  (fig.  474)  and  the 
hind-feet  are  furnished  with  five  complete  toes,  all  of  which 
carried  hoofs.  The  genus  Coryphodon  is  the  principal  or  only 
one  comprised  in  the  family;  and  as  it  contains  the  only 
Ungulates  with  the  complete  number  of  five  digits  on  each 
foot,  it  might  with  propriety  be  raised  to  the  rank  of  a  distinct 
section,  equal  with  the  sections  of  the  Perissodactyla  and 
Artiodactylay  to  which  the  name  of  Teleodactyla  might  be 
applied. 

Fam,  2.  Rhinocerotidce, — This  family  comprises  only  a  single 
living  genus,  the  genus  Rhinoceros^  unless,  indeed,  the  little 
Hyrax  is  to  be  retained  in  this  order.  The  Rhinoceroses  are 
extremely  large  and  bulky  brutes,  having  a  very  thick  skin, 
which  is  usually  thrown   into  deep  folds.      The  feet  (fig. 
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473,  ^)  carry  three  toes  each,  the  first  and  fifth  digits  being 
absent,  and  all  the  toes  being  hoofed,  while  a  great  palmar 
and  plantar  pad  is  developed  behind  the  hoofs.  The  typical 
dental  formula  is — 

.  I — I    /      o — o\         o — o       .      4 — 4         3 — 'I  o 

/  (or  i;    ^  ;   pm  ^     ^:m^    '^  =  32  or  28. 

I — I    \      o — 0/         o — o  4 — 4         3 — 3 

There  are  no  canines ;  and  the  incisors  are  often  wanting  in 
the  adult  (as  in  the  living  two-homed  species),  or  may  be 
increased  in  number  (as  in  the  extinct  Aceratherium),  The 
crowns  of  the  praemolars  and  molars  (fig.  475)  exhibit  two 
principal  tracts  of  dentine,  not  filled  up  by  cement. 


<^      ^^^^"^^^il^^ 


Fig.  475. — Teeth  of  the  upper  jaw  of  Rhinoceros  indicus  (after  Cuvier).    m*,  nfi  Molars  ; 
/»»!,  >»r*  Praemolars ;  /  Incisor. 

The  skull  (fig.  476,  B)  is  pyramidal,  and  the  nasal  bones  are 
generally  enormously  developed.  The  nasal  bones  usually 
support  one  or  two  horns,  which  are  not  paired  in  any  living 
form.  The  horn  is  composed  of  longitudinal  fibres,  which  are 
agglutinated  together,  and  are  of  the  nature  of  epidermic 
growths,  somewhat  analogous  to  hairs.  When  two  horns  are 
present,  the  hinder  one  is  carried  by  the  frontal  bones,  and  is 
placed  in  the  middle  line  of  the  head  behind  the  anterior  horn. 
The  posterior  horn  is  usually  much  shorter  than  the  anterior 
one ;  and  if  not,  it  differs  in  shape. 

The  development  of  the  nasal  bones  in  the  Rhinoceroses  varies  greatly 
in  accordance  with  the  varying  condition  of  the  horns.  In  the  extinct 
Aceratherium^  in  which  there  are  no  horns,  the  nasal  bones  are  greatly  re- 
duced in  size.  In  the  homed  forms,  on  the  other  hand,  not  only  are  the 
nasal  bones  prolonged  forwards  over  the  nasal  cavity ;  but  the  septum 
narium  may  be  partially  or  completely  ossified,  thus  strengthening  the 
ba^ment  of  the  anterior  horn  in  the  bicorn' species. 

Tlie  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly  on  the 
foliage  of  trees.     They  are  exclusively  confined  at  the  present  day  to  the 
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wanner  parts  of  the  Old  World ;   bat  several  extinct  species  formeily 
ranged  over  the  greater  part  of  Europe. 

The  only  existing  one-homed   Rhinoceroses  are  both  found  in   the 
Oriental  province.     One  of  these  is  the  common  Indian  Rhinoceros  (^. 


F>f-  476* — A,  Side  view  of  ihe  skull  of  Tapirus  anuricanus;  B,  Side  view  of  the 
skull  of  Rhinoceros  bicortu's,    (After  Giebel.) 

unicornis  or  indicus\  which  was  probably  the  **  Unicom"  of  the  ancients. 
The  other  is  the  Javan  Rhinoceros  {R,  sondaicus\  which  inhabits  the 
Malay  peninsula,  Java,  Sumatra,  and  Borneo.  Two  species  of  bicom 
Rhinoceroses  are  Asiatic,  the  best  known  being  the  Sumatran  Rhinoceros 
(R.  sumairensis\  which  inhabits  the  Malay  peninsula  and  Sumatra,  and 
is  remarkable  for  the  comparative  absence  of  cutaneous  folds.  All  the 
African  Rhinoceroses,  of  which  there  are  four  or  five  species,  are  two- 
homed.  The  best-known  species  are  the  White  Rhinoceros  {R.  simus\ 
the  Black  Rhinoceros  {R,  bicomis\  and  the  Keitloa  {R,  kntloa). 

As  regards  ^€\x  geological  distribution^  the  earliest  types  of  the  Rhinocero- 
tida  seem  to  have  been  hornless,  and  appear  in  the  Eocene  Tertiary  of 
North  America  {Amynodon),  and  in  the  Miocene  Tertiary  of  Europe  [Acer- 
atherium).  The  genus  Rhinoceros  itself  appears  in  the  Miocene,  and  is 
represented  by  numerous  types  in  the  later  Tertiary  deposits.  One  of  the 
most  remarkable  of  these  is  the  Woolly  Rhinoceros  {R.  tichorhinus),  which 
was  bicom,  and  possessed  the  exceptional  feature  of  a  complete  covering 
of  long  hair  over  the  body.  One  of  the  most  abnormal  of  the  extinct 
Rhinoceroses  is  the  Diceratherium^  described  by  Professor  Marsh  from  the 
Miocene  deposits  of  Oregon,  in  which  there  are  two  homs  placed  trans- 
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versely  and  symmetrically  upon  the  nasal  bones.  This  singular  form 
further  differs  from  the  typical  Rhinoceroses  in  having  four  toes  to  the  fore- 
feet, whilst  the  hind-feet  have  only  three. 


Fif  •  477-— Head  of  the  Black  Rhinoceros  (R.  bicomis). 

Fam,  3.  Tapirida, — The  Tapirs  are  characterised  by  the 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
(fig.  476,  A)  is  pyramidal,  like  that  of  the  pigs,  and  the  nasal 
bones  project  over  the  nasal  cavity.  The  skin  is  hairy  and 
very  thick.  The  tail  is  extremely  short.  The  fore-feet  (fig. 
478,  A)  have  four  toes  each,  but  these  are  unsymmetrical  (the 
little  toe  being  smaller  than  the  rest  and  not  touching  the 
ground),  and  the  hind-feet  have  only  three  toes,  all  encased  in 
hoofs  (fig.  478,  B).     The  dental  formula  of  the  Tapirs  is — 

I  3lll5  :    c  i^m^  :   pm  ^     ^  :   m  3~"3  .-  ^2. 
I— I         I— I  3—3  I— I 

The  canines  are  of  comparatively  small  size,  and  do  not 
form  projecting  tusks ;  and  the  molars  and  premolars  are  of 
the  "  bilophodont "  type,  the  crown  of  each  showing  two  trans- 
verse or  oblique  ridges  separated  by  shallow  valleys. 

Several  species  of  Tapirs  are  known,  of  which  the  most  familiar  is  the 
American  Tapir  (7!  americanus),  which  inhabits  the  vast  forests  of  South 
America.  It  is  a  large  animal,  something  like  a  pig  in  shape,  but  browni^ 
black  in  colour,  and  having  a  mane.  It  is  nocturnal  in  its  habits,  and  is 
strictly  phytophagous.  The  proboscis  is  employed  in  conveying  the  food 
to  the  mouth,  and  the  nostrils  are  placed  at  its  extremity.  It  attains  alto- 
gether a  total  length  of  from  five  to  six  feet.  Another  species,  with  longer 
hair  {T.  villo5us\  inhabits  the  Andes,  and  a  still  larger  species  (T'.  malay- 
anus)  is  found  in  Sumatra,  Borneo,  and  Malacca.  In  this  last  there  is  no 
mane,  and  the  general  colour  is  black  ;  but  the  back,  rump,  and  sides 
of  the  belly  are  white.  The  Elasmognathus  Bairdii  occurs  in  Central 
America,  and  one  or  more  species  of  the  genus  Tapirus  ( T,  Roulini  and 
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T,  leucogenys)  have  been  discovered  in  the  elevated  regions  of  Elcuador  and 
New  Granada. 

As  regards  their  distribution  in  tinu^  species  of  the  genus  Tapirus  itself 
appear  in  the  Miocene  deposits  of  Europe.      In  the  still  older  Eocene 


Fig.  478. — Feet  of  a  Tapir,  viewed  from  the  hinder  surface.    (After  Murie.) 
A,  Fore-foot ;  B,  Hind-foot. 

Tertiary  the  remains  of  various  Tapiroid  animals  are  met  with,  of  which 
the  genus  Lophiodon  is  one  of  the  most  important.  The  genus  Orohippus^ 
regarded  by  Marsh  as  an  ancestral  type  of  the  EquidcBy  seems  to  be  identi- 
cal with  the  Lophiodont  genus  Hyracotherium^  and  is  found  in  the  Eocene 
deposits. 

Fam,  4.  Brontotherida, — The  large  fossil  Mammals  from 
the  Miocene  of  North  America,  which  Professor  Marsh  has 


Fig.  479. — Skull  of  Bnmtotherium  ingens.    (After  Marsh.) 

described  under  the  name  of  Brontotherida^  may  be  provis- 
ionally placed  here.     In  these,  the  fore-feet  have  four  nearly 
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equal  toes,  and  the  hind-feet  three,  thus  resembling  the  Tapirs. 
The  skull  is  elongated,  and  a  pair  of  very  large  horn-cores  are 
carried  upon  the  maxillaries  and  the  anchylosed  nasal  bones 
in  both  sexes.     The  dental  formula  in  Brantotherium  is — 

.2 — 2  I  —  I.       .      4 — 4  X — 1        o 

2—2         I— I'  3—3  3—3 

The  incisors  are  small;  and  the  canines  are  short  and  not 
separated  from  the  praemolars  by  any  diastema,  these  latter 
being  much  smaller  than  the  molars.  The  neck  was  long,  and 
there  seems  to  have  been  a  long  tail.  The  nose  was  probably 
elongated  and  flexible,  but  there  would  not  appear  to  have 
been  a  long  proboscis.  The  BrontotheridtR  seem  to  be  the 
successors  of  the  Dinocerata  of  the  Eocene.  The  chief  genus 
is  Brontotheriumy  with  which  the  Symborodon  and  Miobasileus 
of  Professor  Cope  are  more  or  less  entirely  synonymous. 

The  genera  Tiianoiherium^  Megacerops^  and  Diconodon  also 
belong  to  this  group. 

Fam,  5.  P(Uaotherid(B, — This  family  includes  certain  extinct 
Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They  are 
characterised  by  the  possession  of  three  toes  to  all  the  feet,  by 
having  canines,  and  by  the  fact  that  the  lower  molars  have  a 
doubly  crescentic  form.  The  canines  are  longer  than  the  other 
teeth,  and  the  dental  formula  is — 

/  3—3      ^  I— I      p^  \:zA  (or  3— 3\    ^  3i-_3  ^       ^^  40. 
3—3         I— I  4-4  ^      3—3^         3—3 

The  chief  genus  in  this  family  is  Palaotherium  itself.  Several 
species  of  this  genus  are  known,  varying  in  size  from  a  sheep 


Fig.  480.— Grinding-surfacc  <»f  the  molar  and  prsemolar  lecth  of  the  upper  jaw  of 
Falteotherium  crassum,    (After  Owen.) 


up  to  a  horse.  From  the  form  and  size  of  the  nasal  bones  it 
is  deduced,  with  great  probability,  that  the  PalcRotherida  pos- 
sessed a  short  movable  proboscis  or  trunk. 

Fatn,  6.  Macraucheniida, — This  family  comprises  the  single 
genus  Macrauchenia  from  the  late  Tertiary  deposits  of  South 
America.  The  animals  included  in  this  genus  were  of  large 
size,  with  three-toed  feet,  and  a  third  trochanter  to  the  femur. 
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but  having  cervical  vertebrae  of  the  type  of  those  of  the  Camel- 
ida.  The  general  form  of  the  skull  is  horse-like,  and  the  in- 
cisors have  a  coronal  pit.  The  teeth  form  nearly  a  continu- 
ous series,  and  the  dental  formula  is — 

t ,    c  y   pm  y  m =  44- 

3—3         I— I  4—4         Z—i 

Fam.  7.  Soiidungula  or  Equida. — This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 
feet,  in  living  forms,  have  only  a  single  perfect  toe  each,  en- 
closed in  a  single  broad  hoof,  without  supplementary  hoofs 
(figs.  438  and  484,  D).  The  functional  toe  is  the  3d,  and  the 
2d  and  4th  digits  are  represented  only  by  rudiments  of  their 
metapodials  ("  splint-bones  '*),  hidden  beneath  the  skin.  There 
is  a  discontinuous  series  of  teeth  (fig.  481)  in  each  jaw;  and 


Fig.  481.— Skull  of  the  \{oxi/t(Eguiu  caballus). 


in  the  males,  canines  are  present,  but  these  are  wanting  in  the 
females.    The  dental  formula  is — 

/3-3      ^^i(or?^);   /;«  3-3       ,  3-3  =       or  36. 
3—3         I— I  V     0—0/      ^     3—3         3—3 

The  skin  is  covered  with  hair,  and  the  neck  is  furnished 
with  a  mane. 

As  regards  the  dentition,  there  are  really  four  prsemolars 
on  each  side  of  each  jaw,  but  the  first  of  these  falls  out  at  an 
early  period,  and  resembles  a  milk-tooth  in  so  far  as  it  has  no 
predecessor.  The  canines  are  of  small  size.  The  outer  side 
of  the  molars  (fig.  482)  is  deeply  grooved,  with  two  parallel 
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sulci,  to  which  internal  ridges  correspond,  their  length  being 
very  great,  and  the  whole  external  surface  being  thickly  coated 
with  cement ;  while  the  enamel-ridges  and  folds  of  the  crown 
are  filled  in  with  the  same  substance.  The  enamel  covering 
the  incisors  is  folded  in  at  the  crown,  like  the  inverted  finger 
of  a  glove,  the  tube  thus  formed  being  filled  in  with  soft 


Fig.  483.— Grinding-surfaccii  uf  the  last  prsmolar  and  of  the  three  true  molars  of  the 
upper  jaw  of  the  Horse.    (After  Cuvier.) 

cement ;  and  it  is  the  wearing  down  of  this  with  age  which 
constitutes  the  "  mark." 

The  family  Equidce  is  divided  by  Dr  Gray  into  two  sections 
or  genera :  EquuSy  comprising  the  Horses ;  and  AsinuSy  com- 
prising the  Asses  and  Zebras.  Many  authorities,  however, 
place  all  the  existing  forms  under  the  single  genus  Equus, 

The  genus  Equm  is  distinguished  by  the  fact  that  the  body  is  not  banded, 
though  a  dorsal  line  is  often  present ;  both  the  fore  and  hind  legs  have  warts 
upon  them  ;  the  hoof  is  broad  and  rounded ;  and  the  tail  is  evenly  haired, 
the  long  hairs  beginning  at  or  near  the  base.  Until  recently  only  a  single 
living  species  of  the  genus  was  known — viz.,  the  Eouus  cabaHius^  from 
whic£  have  descended  all  the  varieties  of  horses  which  are  employed  by 
man  at  the  present  day.  The  native  country  of  the  Horse  seems  to  have 
been  Central  Asia,  but  the  original  stock  of  the  domestic  breeds  is  not 
known.  All  the  so-called  "wild  "  horses  are  in  reality  descendants  of  the 
domestic  breeds,  which  have  escaped  and  have  reverted  to  a  feral  state. 
Recently  a  genuine  wild  species  of  the  genus  Equus  has  been  found  by 
Pijevalsky  in  the  deserts  between  the  Altai  and  Thian-Shan  Mountains  in 
Central  Asia,  and  has  been  described  under  the  nzme  oi  Equus  Prjevalskii, 
This  remarkable  species  (fig.  483)  differs  from  Equus  caballus  in  the  fact 
that  the  long  hairs  of  the  tail  do  not  begin  till  about  naif- way  down,  while  the 
mane  is  short  and  erect,  and  there  is  no  fore-lock.  It  is  of  small  size,  with 
thick  legs,  and  a  large  heavy  head.  In  the  genus,  or  sub-genus,  Asinus^ 
the  body  is  marked  with  a  dorsal  stripe,  and  generally  with  a  shoulder 
stripe,  or  it  is  completely  striped  ;  the  fore-legs  alone  have  warts  ;  the  hoof 
is  contracted  ;  and  the  long  hairs  of  the  tail  form  a  tuft  at  the  end.     The 
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domestic  Ass  [Annus  vulgaris)  is  believed  to  be  descended  from  the  wild 
Asinus  tctniopus  of  Upper  Nubia,  which  has  transverse  stripes  on  its  hind 
legs.  The  "Onager"  {Asinus  onager)  of  the  Asiatic  deserts  is  another 
wild  species,  and  a  third  well-knovm  form  is  the  "Kiang"  {Asinus  kemi- 


Fig.  483.— ^y««*  Prjevalskii,    (Copied  from  *'  Nature 


otius)  of  the  high  table-lands  of  Thibet.  Wholly  confined  to  Africa,  lastly, 
are  the  striped  and  banded  species  known  as  the  Zebras  {A,  zebra  and  A» 
burchellii)  and  Quaggas  {A.  quagga). 

As  regards  their  distribution  in  time^  a  number  of  forms  of 
fossil  Equidce  have  been  discovered,  many  of  which  are  of 
special  interest,  as  showing  an  almost  perfect  series  of  grada- 
tions between  a  foot  with  three  complete  toes  and  a  foot  with 
only  one  complete  digit.  Some  of  them  also  exhibit  other 
curious  transitional  characters. 

According  to  the  views  entertained  by  Professor  Marsh,  the  most  ancient 
type  of  the  Equida  is  the  Eohippus  of  the  Lower  Eocene  of  North  America, 
in  which  the  fore-feet  have  four  complete  toes  and  a  rudimentary  pollex, 
while  the  hind-feet  have  three  toes. 

Orohippusy  probably  really  referable  to  the  Tapiroid  group  of  the  Lophuh 
dontiday  is  regarded  by  Marsh  as  the  next  oldest  known  Equine  genus, 
and  comprises  small  mammals  about  as  big  as  foxes,  with  the  fore-feet 
four-toed  (fig.  484,  A),  and  the  hind-feet  three-toed.  In  the  fore-foot,  the 
pollex  alone  is  wanting,  but  the  middle  toe  is  much  the  largest  The 
genus  is  from  the  Eocene  of  North  America. 

In  the  Miocene  Tertiary  occur  the  genera  Anchitheriutiiy  Miohippus, 
and  MesohippuSf  all  of  which  have  three  toes  to  both  feet  Mesohippus 
has  an  additional  ''splint-bone"  (rudimentary  metacarpal,  or  metatarsal) 
representing  a  fourth  toe.  Miohippus,  about  as  big  as  a  sheep,  has  the 
three  toes  sub-equal,  and  all  touching  the  ground.  Anchitherium  (fig. 
484,  B)  has  the  middle  toe  much  the  largest,  though  the  lateral  toes  still 
reach  the  ground. 
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In  the  later  Miocene  and  earlier  Pliocene  we  find  the  genus  Hipparion, 
in  which  the  foot  is  still  three-toed  (fig.  484,  C) ;  but  the  middle  toe  is 
alone  functionally  useful,  the  two  lateral  toes,  though  appearing  externally, 
not  being  long  enough  to  touch  the  ground. 

In  the  later  Pliocene  we  meet  with  the  genus  PliohipptiSy  in  which  the 
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Fig.  484. — Skeleton  of  the  foot  in  various  forms  belonging  to  the  family  of  the  EquieUt : 
A,  Foot  of  Orokippus,  Eocene  ;  B,  Foot  of  Anckitktrium^  Upper  Eocene  and 
Lower  Miocene  ;  C  Foot  of  Hipparion^  ^PJC?'  Miocene  and  Pliocene ;  D,  Foot  of 
Horse  {EqMus\  Pleistocene  and  Recent.  The  numerals  indicate  the  numbers  of 
the  digits  in  the  typical  five-fingered  hand  of  Mammak.    (After  Marsh.) 

foot  is  precisely  that  of  EquuSy  with  the  lateral  toes  reduced  to  splint-bones 
(fig.  484,  D),  but  there  is  an  additional  prsemolar,  and  an  "  antorbital  fossa  " 
is  present.     Lastly,  in  the  Post-pliocene  appears  the  genus  Equus  itself. 


CHAPTER    LXVIII. 

UNG  ULA  TA    (Continued), 

Artiodactyle  Ungulates. 


Section  B.  Artiodactyla. — In  this  section  of  the  Ungulates 
the  number  of  the  toes  is  even — either  two  or  four — and  the  third 
toe  on  each  foot  forms  a  symmetrical  pair  with  the  fourth  (fig. 
485).  The  dorso'lumbar  vertebrce  are  nineteen  in  number^  and 
there  is  no  third  trochanter  on  the  femur.  If  true  horns  are 
present^  these  are  always  in  pairs,  and  are  supported  by  bony 
horn-cores.  The  antlers  of  the  Deer  are  also  paired,  but  they  are 
composed  wholly  of  bone.  The  stomach  is  always  more  or  less 
complex,  or  is  divided  into  separate  compartments,  and  the  ccecum 
is  comparatively  small  and  simple. 
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In  all  the  Artiodactyles,  the  third  and  fourth  toes  are  sym- 
metrically paired,  and  in  all  but  the  Hippopotamida,  they  are 


I^»g-  485'— Feet  of  Artiodactyle  Ungulates  (after  Boyd-Dawkins  and  OakleyV  In  all 
the  figures  it  is  the  left  fore-foot  which  is  represented,  i,  Foot  of  Pig ;  3,  Afirican 
Chevrotain  (Jiyomosckui) ;  3,  Javan  Chevrotain  {Tra^lus  imutmicms) ;  4,  Roebodc ; 
5,  Sheep ;  6,  Camel.     The  small  numerals  indicate  which  digits  are  present. 


the  two  functional  toes  of  the  foot.     In  the  Hippopotamus 
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(iig.  489),  the  second  and  fifth  digits  are  sufficiently  developed 
to  take  part  in  supporting  the  weight  of  the  body.  In  the 
Swine,  the  second  and  fifth  toes  are  moderately  developed 
(fig.  485,  i),  but  they  are  placed  high  up,  and  do  not  touch 
the  ground  when  the  animal  is  walking  on  a  plane  and  hard 
surface.  In  these  two  groups  also,  the  metapodials  (meta- 
carpals and  metatarsals)  remain  permanently  distinct.  In  the 
Chevrotains  {Tragultd(B)y  the  second  and  fifth  toes  are  com- 
plete, but  very  small ;  and  the  metapodial  bones  either  remain 
separate,  as  in  Hyomoschus  (fig.  485,  2),  or  only  unite  late  in 
life  (fig.  485,  3).  In  the  Hollow-homed  Ruminants  generally, 
as  in  Deer  and  Sheep  (fig.  485,  4  and  5),  the  second  and  fifth 
toes  are  reduced  to  rudiments,  and  the  metapodials  of  the 
third  and  fourth  toes,  which  are  alone  functional,  become 
completely  anchylosed  ^o  form  a  "  cannon-bone."  Lastly,  in 
forms  like  the  Giraffe  and  Camel  (fig.  485,  6),  the  second  and 
fifth  toes  disappear  altogether,  and  the  metapodials  of  the 
functional  third  and  fourth  toes  are  anchylosed  to  form  a 
"cannon-bone.'* 

By  Kowalewsky,  the  Artiodadyla  are  divided  into  two  great 


Fig.  486.— Grinding-surface  of  the  molar  and  praemolar  teeth  of  a  Peccary  {DUotyUs 
labiatHs\  showing  the  bunodont  type  of  dentition.    (After  Giebel.) 

groups  or  sections  in  accordance  with  the  nature  of  the  teeth. 
These  two  sections  were  differentiated  at  a  very  early  period, 
and  they  are  known  respectively  as  the  Bunodontia  and  Seleno- 


Fig.  487.— Grinding>surface  of  the  molar  and  praemolar  teeth  of  the  Giraffe  (Camelo- 
^ardalis  giraffa),  showing  the  selenodont  type  of  dentition. 

dofUia,  In  the  "  Bunodont "  section  are  comprised  only  the 
Pigs  and  their  allies,  and  the  Hippopotamida^  in  all  of  which 
the  molars  and  praemolars  have  tuberculated  crowns  (fig.  486). 
In  the  **  Selenodont'*  section  of  the  Artiodactyla  the  praemolars 
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and  molars  (fig.  487)  have  the  grinding-surfaces  of  their  crowns 
divided  each  into  two  crescentic  lobes,  the  convexities  of 
which  are  turned  inwards  in  the  upper  and  outwards  in  the 
lower  teeth.  Some  fossil  forms,  which  are  otherwise  alHed  to 
the  Bunodont  Artiodactyles,  show  teeth  of  a  "selenodont" 
character,  and  thus  form  a  transition  between  these  otherwise 
sharply  separated  divisions  of  even-toed  Ungulates. 

The  section  Artiodactyla  comprises  the  Hippopotamus,  the 
Pigs,  and  the  whole  group  of  the  Ruminants,  including  Oxen, 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,  &c. 
Besides  these  there  is  an  extensive  series  of  fossil  forms  com- 
mencing in  the  Eocene  or  Lower  Tertiary  period,  and  in  many 
respects  filling  up  the  gaps  between  the  living  forms. 

BuNODONTiA  {Non-ruminantia). 

Fam.  I.  HippopotamidcR, — 'This  group  contains  only  the 
single  genus  Hippopotamus ^  characterised  by  the  massive  heavy 


Fig.  488.— Skull  of  a  Hippopotamus  amphibius,  side  view.    (After  Giebel.) 

body,  the  short  blunt  muzzle,  the  large  head,  and  the  presence 
of  teeth  of  three  kinds  in  both  jaws  (fig.  488).  The  dental 
formula  of  the  living  Hippopotamus  amphibius  is — 

.  2 — 2  I — I        ^     4 — 4  % — -2 

2--2         I— 1      ^     4—4'        3—3 

The  incisors  are  nearly  horizontal,  those  of  the  centre  of  the 
lower  jaw  being  long  and  tusk-like.  The  canines  are  greatly 
developed,  those  of  the  upper  jaw  being  comparatively  short, 
while  the  lower  canines  are  in  the  form  of  enormous  tusks, 
with  a  chisel-shaped  edge.     The  crowns  of  the  molars  exhibit 
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a  characteristic  double-trefoil  pattern.     The  legs  are  very  short, 
with  massive  feet,  terminated  by  four  hoofed  toes  each  (fig. 
489).    The  eyes  and  ears  are  small,  and  the  skin  is  extremely 
thick,  and  is  furnished  with  a 
few  bristles  on  the  very  short 
tail. 

A  number  of  extinct  species 
of  Hippopotamus  are  known ; 
but  there  is  only  one  familiar 
living  form,  the  Hippopotamus 
amphibius  or  River-horse,  and 
this  is  confined  to  the  African 
continent.  It  is  an  enormously 
bulky  and  unwieldy  animal, 
reaching  a  length  of  eleven  or 
twelve  feet.  It  is  nocturnal  in 
its  habits,  living  upon  grass,  the 
foliage  of  trees,  and  herbs,  and 
it  swims  and  dives  with  great 
facility.  It  is  found  in  toler- 
able abundance  in  all  the  great 
rivers  of  Africa  south  of  the 
Sahara.  A  much  smaller  form 
(the  so-called  Hippopotamus  or 
Charopsis  liberiensis)  occurs  on  the  west  coast  of  Africa, 
but  it  is  exceedingly  rare,  and  comparatively  little  is  known 
about  it.  It  possesses,  however,  only  two  lower  incisors  in- 
stead of  four. 

Fam,  2.  Suida. — The  group  of  the  Suida,  comprising  the 
Pigs,  Hogs,  and  Peccaries,  is  closely  allied  to  the  preceding ; 
but  the  feet  (fig.  485,  i)  have  only  two  functional  toes,  the 
second  and  fifth  toes  being  much  shorter,  and  hardly  touching 
the  ground.  All  the  three  kinds  of  teeth  are  present,  but  they 
vary  a  good  deal.  The  canines  (fig.  490)  are  always  very 
large,  and  trihedral  in  shape ;  and  in  the  males  they  usually 
constitute  formidable  tusks  projecting  from  the  sides  of  the 
mouth.  The  incisors  are  variable,  but  the  lower  ones  are 
always  inclined  forwards.  The  molars  and  praemolars  have 
broad  crowns,  with  two, transverse  ridges  (increased  to  three 
or  more  in  the  last  molar),  which  are  divided  into  rounded 
tubercles  (fig.  486).  The  permanent  dental  formula  of  the 
Pig  {Sus  scrofa)  is — 


Fig.  489.— Left  fore-foot  of  Hippopotamus 
amphibius.    (After  Cuvier.) 


/  ^  -  5 ;    c^     ^  \  pm^     ^  ;    ^ft^    ^ 
3—3         I— I  3—3  3—3 
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In  the  young  animal  there  are  four  deciduous  molars,  but  the 
first  of  these  is  not  replaced  by  a  praemolar,  though  it  remains 
in  the  jaw  up  to  the  third  year  of  life.     If,  therefore,  the  jaw- 


Fig.  490.— Skull  of  the  Wild  Boar  (Sus  scro/a/erui).    (After  Gray.) 

of  a  Pig  up  to  the  third  year  of  its  age  (fig.  491)  be  examined, 
there  will  appear  to  be  four  praemolars  and  three  molars  on 
each  side,  the  first  of  these  apparent  praemolars  being  really 
the  long-retained  first  deciduous  molar.     The  skull  is  remark- 


Fig.  491. — Dentition  of  the  Boar  (Sus  scro/a\  The  tooth  marked  /m*.  though  taking 
the  place  of  a  first  praemolar,  is  really  the  first  deciduous  molar,  which  lu^  not  yet 
been  shed. 

ably  pyramidal,  with  a  pointed  occiput  and  long  paroccipital 
processes  (fig.  490).  The  stomach  is  mostly  slightly  divided, 
and  is  not  nearly  so  complex  as  in  the  Ruminants.    The  snout 
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is  truncated  and  cylindrical,  fitted  for  turning  up  the  ground, 
and  capable  of  considerable  movement,  being  strengthened 
by  a  praenasal  bone,  or  ossification  of  the  septum  narium. 
The  skin  is  more  or  less  abundantly  covered  with  hair,  and 
the  tail  is  very  short,  or  represented  only  by  a  tubercle. 

The  most  familiar  example  of  the  Suida  is  the  Wild  Boar  {Sus  scrofa\ 
from  which  many  of  our  domestic  breeds  of  Pigs  have  descended.  The 
Wild  Boar,  as  also  the  domestic  Pig,  both  when  tame  and  in  a  wild  state, 
exhibits  remarkable  powers  of  adaptation  to  different  conditions  of  cli- 
mate and  general  surroundings.  The  natural  range  of  the  Wild  Boar  is 
coextensive  with  the  Palaearctic  province,  but  it  has  been  exterminated  in 
various  regions  which  it  once  inhabited,  as  for  example,  in  Britain.  About 
a  dozen  other  species  of  the  genus  Sus  are  known,  ranging  over  the  Palae- 
arctic and  Oriental  provinces,  and  extending  eastwards  as  far  as  New 
Guinea,  but  being  absent  from  North  and  South  America  and  Australia. 
Of  the  remaining  Suida^  one  of  the  most  singular  is  the  Babyroussa  {Por- 
cus  babirusa\  which  inhabits  the  islands  of  Celebes  and  Borneo  in  the 
Melanesian  province.  It  is  remarkable  for  the  great  size  and  backward 
curvature  of  the  upper  canines.  The  upper  canines  pierce  the  upper  lip 
in  the  males,  and  their  alveoli  are  directed  upwards.  The  Bush-hogs 
(Potanufchcerus)  of  Southern  Africa  and  Madagascar  are  nearly  allied  to 
SuSj  but  possess  subocular  excrescences  of  a  cartilaginous  nature.  The 
African  Wart-hogs,  forming  the  genus  Phacocharus^  are  distinguished 
by  having  a  fleshy  wart  under  each  eye.  They  inhabit  Abyssinia,  the 
Guinea  coast,  and  other  parts  of  Africa. 

The  American  Peccaries  {Dicotyles)  represent  the  Swine  of  the  Old 
World.  They  are  singular  in  having  only  three  toes  on  the  hind- foot,  the 
fifUi  digit  being  represented  only  by  its  metatarsal.  The  canines  are  not 
exserted,  there  are  only  four  upper  incisors,  and  there  is  no  tail.  There 
is  also  the  exceptional  character  that  the  metapodials  unite  to  form  a 
** cannon-bone.''  They  are  exclusively  confined  to  the  American  conti- 
nent, extending  from  Paraguay  as  far  north  as  Texas  and  Arkansas,  and 
the  commonest  species  is  the  Collared  Peccary  {DicotyUs  torquatus). 
They  are  not  at  all  unlike  small  pigs  either  in  their  appearance  or  in  their 
habits,  and  they  are  gregarious,  generally  occurring  in  small  flocks. 

Fam,  3.  Anoplotherida, — This  group  comprises  extinct  Artio- 
dactyles  which  belong  to  the  Eocene  and  Miocene  periods, 
and  form  a  kind  of  transition  between  the  Swine  and  the 
Ruminants.  In  Anoplotherium  itself  (fig.  492)  the  body  is 
slender,  provided  with  a  long  tail,  and  having  the  feet  termi- 
nated by  two  toes  each,  sometimes  with  small  accessory  hoofs 
in  addition.  The  dentition  is  remarkable  in  the  fact  that  no 
gap  or  diastema  exists  between  the  molars  and  the  canines, 
the  teeth  thus  forming  an  even  and  iminterrupted  series.  The 
dental  formula  is — 

/3z:3       x=:i^^4=4        3z=3  = 
3—3'     I— i'-^     4—4        3—3 

Fam.  4.  Oreodontida. — This  family  comprises  extinct  Artio- 

3D 
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dactyles  from  the  Miocene  and  Pliocene  Tertiary  of  North 
America,  which  stand  in  some  respects  midway  between  the 
Suida  and  the  Ruminantia,  and  have  been  termed  "  Ruminat- 


Fig.  ig^—Ano/lotherium  commune.     Eocene  Tertiary,  France.    (After  Cuvier.) 

ing  Hogs,"  though  there  is  no  evidence  that  they  really  rumi- 
nated. Oreodon  is  about  as  big  as  a  sheep,  the  feet  being 
four-toed,  and  the  dental  formula  "complete."  The  canines 
are  large  and  triangular,  and  the  molars  are  of  the  "  seleno- 
dont "  character,  while  there  is  the  anomalous  distinction  that 
"  larmiers  "  or  "  tear-pits  "  existed  below  the  eyes. 

Selenodontia  {Ruminantia), 

The  last  section  of  \he  Artiodaciyle  VngMldilQS  is  the  great 
and  natural  group  of  the  Selenodont  or  Ruminant  Ungulates. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following 
characters : — 

The  foot  is  what  is  popularly  called  "  cloven,"  consisting  of 
a  symmetrical  pair  of  toes  encased  in  hoofs  and  looking  as  if 
produced  by  the  splitting  into  two  equal  parts  of  a  single  hoof. 
Besides  the  two  functional  toes  (the  3d  and  4th),  the  2d  and 
5th  toes  are  usually  present  as  a  pair  of  small  supplementary 
digits  placed  on  the  back  of  the  foot.  The  metacarpal  bones 
of  the  two  functional  toes  of  the  fore-limb,  and  the  metatarsal 
bones  of  the  same  toes  of  the  hind-limb,  except  in  Hyomos- 
chusy  coalesce  to  form  a  single  bone,  known  as  the  "  cannon- 
bone."  The  stomach  is  complex,  and  is  divided  into  several 
compartments,  this  being  in  accordance  with  their  mode  of 
eating.  They  all,  namely,  ruminate  or  **  chew  the  cud  " — that 
is  to  say,  they  first  swallow  their  food  in  an  unmasticated  or 
partially-masticated  condition,  and  then  bring  it  up  again,  after 
a  longer  or  shorter  time,  in  order  to  chew  it  thoroughly. 
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The  process  of  rumination  is  so  characteristic  of  this  group, 
that  it  will  be  necessary  to  describe  the  structure  of  the  stom- 
ach, as  showing  the  mechanism  by  which  this  singular  process 


Fig.  493. — Stomach  of  a  Ruminant,  (A)  from  the  exterior,  and  CB)  with  its  cavities  laid 
open  :  a  CElsophagus ;  d  Paunch ;  c  Reticulum ;  d  Manyplies ;  e  Abomasum. 

is  effected.    The  stomach  (fig.  493)  is  divided  into  four  (rarely 
three)  compartments,  which  are  usually  so  distinct  from  one 
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another  that  they  have  generally  been  spoken  of  as  so  many 
separate  stomachs.      The  gullet  opens   at  a  point  situated 
between  the  first  and  second  of  these  cavities  or  "  stomachs." 
Of  these  the  largest  lies  on  the  left  side,  and  is  called  the  "ru- 
men "  or  **  paunch  "  (fig.  493,  b).    This  is  a  cavity  of  very  large 
capacity,  having  its  interior  furnished  with  numerous   hard 
papillae  or  warts.     It  is  the  chamber  into  which  the  food  is 
first  received  when  it  is  swallowed,  and  here  it  is  moistened 
and  allowed  to  soak  for  some  time.    The  second  compartment, 
placed  to  the  right  of  the  paunch,  is  much  smaller,  and  is 
known  as  the  "  reticulum  "  or  "  honeycomb-bag  "  (r).    Its  inner 
surface  is  reticulated,  or  is  divided  by  ridges  into  a  number  of 
hexagonal  or  many-sided  cells,  somewhat  resembling  the  cells 
of  a  honeycomb.     The  reticulum  is  small  and  globular,  and  it 
receives  the  food  after  it  has  lain  a  sufficient  time  in  the  paunch. 
The  function  of  the  reticulum,  as  usually  believed,  is  to  com- 
press the  soaked  and  moistened  contents  of  the  rumen  into 
balls  or  pellets,  which  are  then  returned  to  the  mouth  by  a 
reversed  action  of  the  muscles  of  the  oesophagus,  in  order  that 
they  may  undergo  mastication.     After  having  been  thoroughly 
chewed  and  prepared  for  digestion,  the  food  is  swallowed  for  the 
second  time,  but  on  this  occasion  the  food  does  not  pass  into 
the  paunch,  but  is  transmitted  to  the  third  compartment  of 
the  stomach,  which  is  variously  known  as  the  "  psalterium," 
"omasum,**  or  {Scottic'e)  the  "manyplies."    The  reason  why 
the  food  takes  a  different  course  when  swallowed  for  the  second 
time  to  that  followed  when  it  is  first  swallowed,  is  this :  The 
opening  of  the  gullet  into  the  stomach  has  its  margins  pro- 
longed into  two  parallel  folds  or  ridges,  which  form  the  bound- 
ing-walls  of  a  deep  groove  running  from  the  cardiac  opening  of 
the  oesophagus  to  the  psalterium,  and  which  can  be  brought 
into  apposition  so  as  to  convert  the  groove  into  a  canal  or  tube. 
When  the  imperfectly  masticated  food  is  swallowed  for  the 
first  time,  it  forces  open  the  lips  of  this  groove,  and  thus  is 
transmitted  directly  into  the  paunch.     On  the  other  hand, 
when  thoroughly  chewed  and  swallowed  for  the  second  time, 
the  now  semi-liquid  or  pulpy  food  trickles  along  this  groove  into 
the  psalterium,  not  being  now  sufficiently  weighty  or  bulky  to 
force  apart  the  ridges  which  bound  the  groove.     The  mucous 
membrane  lining  the  psalterium  is  thrown  into  numerous  longi- 
tudinal folds  (fig.  493,  d)^  which  are  so  close  as  to  resemble  the 
leaves  of  a  book,  and  which  serve  to  strain  the  food  and  keep 
back  unmasticated  fragments.     The  psalterium  opens  by  a 
wide  aperture  into  the  fourth  or  pyloric  compartment  of  the 
stomach,  which  is  known  as  the  "abomasum"  (fig.  493,  e\ 
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The  mucous  membrane  of  this  is  thrown  into  a  few  longitudinal 
folds,  and  its  walls  are  glandular,  and  secrete  the  gastric  juice. 
It  is,  therefore,  the  digestive  portion  of  the  stomach,  and  it 
opens  into  the  duodenum. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  great  and  as  distinctive  as  those  to  be  derived  from  the 
digestive  system.  In  the  typical  Ruminants  {e.g.,  Oxen,  Sheep, 
Antelopes)  there  are  no  incisor  teeth  in  the  upper  j^w,  their 
place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  494).     There  are  also 


Fig.  494. — Skull  of  a  hornless  Sheep :  i  Incisors ;  c  Canines ;  m  Molars 
and  praemolars.    (After  Owen.) 

no  upper  canine  teeth,  and  the  only  teeth  in  the  upper  jaw 
are  six  grinders  on  each  side.  In  the  front  of  the  lower  jaw  is 
a  continuous  and  uninterrupted  series  of  eight  teeth,  of  which 
the  central  six  are  incisors,  and  the  outer  ones  are  canines.  The 
canines  of  the  lower  jaw  of  the  typical  Ruminants  differ,  how- 
ever, from  canine  teeth  generally,  in  the  fact  that  they  are  placed 
in  the  same  series  as  the  incisors,  which  they  altogether  re- 
semble in  shape,  size,  and  direction. 

Behind  this  continuous  series  of  eight  teeth  in  the  lower  jaw, 
there  is  a  vacant  space,  which  is  followed  behind  by  six 
grinders  on  each  side.  The  praemolars  and  molars  are  of  the 
**  selenodont "  type  (fig.  487),  and  have  their  grinding-surfaces 
marked  respectively  with  one  or  two  double  crescents,  the 
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convexities  of  which  axe  turned  inwards  in  the  upper,  and 
outwards  in  the  lower  teeth. 

The  dental  formula,  then,  for  a  typical  Ruminant  animal 
is — 

/ ;  c ;  ptn  ^ — ^  ;  m  ^^ — ^  =  32. 

3—3        I— I  3—3         3—3 

The  departures  from  this  typical  formula  occur  in  the  CamelitUBy 
the  Traguiid(Xj  and  in  some  of  the  Deer.  Most  of  the  Deer 
conform  in  their  dentition  to  the  above  formula,  but  a  few 
forms  {e,g,,  the  Muntjak)  have  canine  teeth  in  the  upper  jaw. 
These  upper  canines,  however,  are  mostly  confined  to  the 
males ;  and  if  they  occur  in  the  females,  they  are  of  a  small 
size.  The  dentition  of  the  Camelidce  (Camels  and  Llamas)  is 
still  more  aberrant,  there  being  two  pointed  upper  incisors 
and  upper  canines  as  well.  The  lower  canines  also  are  more 
pointed  and  stand  more  erect  than  the  lower  incisors,  and 
are  slightly  separated  from  them,  so  that  they  are  easUy  re- 
cognisable. 

The  group  of  the  Ruminantia  includes  the  groups  of  the 
Camelida  (Camels  and  Llamas),  the  Tragulida  (Chevrotains), 
the  Cervida  (Deer),  the  Camdopardalida  (Giraffe),  and  the 
Cavicomia  (Oxen,  Sheep,  Goats,  Antelopes). 

I.  Cameiida  {Tylqpoda), — The  Camels  and  Llamas  constitute 
in  many  respects  an  aberrant  group  of  the  Ruminantia^  espe- 
cially as  regards  their  dentition  and  the  conformation  of  the 
feet.     The  upper  jaw  (fig.  495)  carries  three  teeth  on  each 


Fig.  495.— Side  view  of  the  skull  of  Cameitts  hactrianus :  i  Upper  incisor ;  c  c  Canines ; 
>iw  Isolated  prsemolar.    (After  Giebel.) 

side  in  front,  separated  by  slight  intervals.  The  most  anterior 
of  these  is  a  conical  incisor ;  the  central  one  is  a  canine,  and 
the  hindmost  is  the  first  prsemolar,  which  is  separated  by  a 
wide  gap  from  the  rest  of  the  molar  series,  and  is  pointed  in 
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form.  In  the  lower  jaw  there  is  also  a  canine,  placed  a  little 
behind  the  incisors,  and  a  detached  laniariform  premolar  (the 
latter  sometimes  absent).  In  the  Llamas  these  isolated  prae- 
molars  do  not  exist.  Each  foot  (fig.  485,  6)  terminates  in 
two  toes,  which  are  provided  with  imperfect  nail-like  hoofs, 
covering  no  more  than  the  upper  surface  of  each  toe.  The 
second  and  fifth  toes,  which  are  mostly  present  in  the  Rumi- 
nants, are  here  altogether  wanting,  and  the  animal  walks  upon 
the  hinder  surfaces  of  the  toes,  which  are  directed  downwards, 
and  are  protected  by  pads  of  callous  homy  integument  The 
stomach  is  peculiar  in  the  fact  that  the  manyplies  is  absent, 
and  the  paunch  has  its  walls  hollowed  out  into  deep  water- 
cells,  occup)nng  two  special  tracts  of  its  internal  surface.  As 
regards  their  further  characters,  the  head  of  all  the  Camelida 
is  destitute  of  horns  in  both  sexes ;  the  nostrils  can  be  closed 
at  the  will  of  the  animal ;  the  upper  lip  is  hairy  and  partially 
cleft ;  and  the  red  blood-corpuscles  are  ovaL 

The  family  of  the  Camelida  is  represented  in  the  Old  World 
by  the  Camels  {Camelus\  and  in  South  America  by  the  Llamas 
and  Alpacas  {Auchmia),  There  is  also  an  extensive  series  of 
Tertiary  forms,  one  of  which  (viz.,  Froiolabis)  is  specially  in- 
teresting as  possessing  the  full  number  of  upper  incisors, 
namely,  three  on  each  side  of  the  jaw. 

The  true  Camels  are  peculiar  to  Asia  and  Africa,  and  two  species  are 
known,  distinguished  from  one  another  by  the  possession  of  a  double  or 
single  adipose  hump  on  the  back ;  but  neither  of  these  are  truly  wild. 
The  African  or  Arabian  Camel  {Camelus  dromedarius)  is  often  called  the 
Dromedary,  and  has  only  one  hump  on  its  back.  The  two  toes  are 
united  together  by  the  callous  sole ;  and  the  chest,  shoulders,  and  knees 
are  furnished  with  callous  pads,  upon  which  the  animal  rests  when  lying 
down.  The  hump  is  almost  entirely  composed  of  fat,  and  appears  to  act 
as  a  kind  of  reserve  supply  of  food,  as  it  is  noticed  to  diminish  much  in 
size  upon  long  journeys.  The  Camel  can  likewise  support  a  very  pro- 
longed privation  of  water,  as  the  paunch  is  furnished  with  large  cells, 
which  the  animal  fills  when  it  has  access  to  water,  to  be  made  use  of 
subsequently  as  occasion  may  require.  The  structure  of  the  Camel  adapts 
it  admirably  for  locomotion  in  the  sandy  deserts  of  Arabia  and  Africa ; 
and  as  it  is  patient  and  enduring,  it  is  almost  exclusively  employed  as  a 
beast  of  burden  in  the  countries  in  which  it  occurs. 

The  Bactrian  Camel  (C.  bactrignus)  is  distinguished  by  the  possession  of 
two  humps ;  but  in  other  respects  it  does  not  differ  from  the  Dromedary. 
It  is  found  in  Turkestan,  Persia,  Mongolia,  and  Thibet,  extending  north 
to  Lake  Baikal,  and  eastwards  to  Pekin.  The  two  species  are  said  to 
breed  together,  and  the  hybrid  offspring  is  stated  to  be  occasionally  fertile. 

The  place  of  the  Camels  is  taken  in  the  New  World  by  the  Llama 
and  Alpaca,  with  their  respective  wild  forms.  These  animals  form  the 
genus  Auchenia,  and  are  in  many  respects  similar  to  the  true  Camels. 
They  are  distinguished,  however,  by  having  no  hump  upon  the  back,  and 
by  the  fact  that  the  two  toes  are  not  conjoined  and  supported  by  a  callous 
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pad,  as  in  the  Camels,  but  are  separate,  with  separate  pads,  and  with 
strong  curved  nails.  The  neck  is  long  and  the  head  comparatively  small, 
whilst  the  upper  Hp  is  mobile  and  deeply  cleft  vertically.  The  Llamas  are 
chiefly  found  in  rem  and  Chili.  They  live  in  flocks  in  mountainoos 
regions,  and  are  much  smaller  than  the  Camels  in  size.  The  true  Llama  is 
kept  as  a  domesticated  animal,  and  used  as  a  beast  of  burden,  its  wild  form 
being  known  as  the  '*Guanaco."  The  Alpaca  is  still  smaller  than  the 
Llama,  and  is  not  very  unlike  a  sheep,  having  a  long  woolly  coat  It  is 
partially  domesticated,  and  the  wool  is  largely  imported  into  Europe.  Its 
wild  form  is  the  so-called  "Vicuna." 

As  regards  their  distribution  in  time,  the  Camelida  are  first 
represented  in  the  Miocene  deposits  of  North  America  {Foi- 
brotheriutn,  &c.). 

2.  Tragulidce. — This  group  comprises  certain  small  Rumi- 
nants, the  so-called  "  Chevrotains "  (Tragulus\  which  have 
been  sometimes  associated  with  the  Musk-deer  {Moschus). 
The  researches  of  Milne-Edwards  and  Flower  have,  however, 
shown  that  the  relationships  of  Moschus  are  with  the  Cervida 
or  Deer  proper,  and  that  the  Chevrotains  constitute  a  special 
group  of  Ruminants. 

The  Tragulida  are  characterised  by  the  total  absence  of 
horns  in  both  sexes,  and  by  the  presence  of  canines  in  both 
jaws,  those  in  the  upper  jaw  being  in  the  form  of  tusks  in  the 
males  (fig.  496),  but  much  smaller  in  the  females.     The  third 


Fig.  496. — Side  view  of  the  skull  of  Tragulus  javanicus.    (After  Giebel.) 

Stomach,  or  "  psalterium,"  is  wanting,  and  the  placenta  is  dif- 
fuse. The  Chevrotains  are  peculiar  in  the  fact  that  the  second 
and  fifth  digits,  though  small,  are  complete  (fig.  485,  2  and  3), 
and  also  in  the  fact  that  the  metacarpals  and  metatarsals  of 
the  functional  toes  (the  3d  and  4th)  either  do  not  unite  to  form 
a  cannon-bone  till  late  in  life,  or  remain  (as  in  Hyomoschus)  per- 
manently separate. 

This  family  includes  at  the  present  day  only  the  Hyomoschtis 
of  Western  Africa,  and  some  four  or  five  species  of  Tragulus 
from  the  Indian  province.      The  best  known  are  the  Tra- 
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gulus  javanicusy  or  "  Napu  "  of  Java,  and  the  T,  meminna  of 
India.  They  are  all  very  small  and  elegant  animals,  and,  though 
commonly  called  "  Musk-deer,"  they  have  no  musk-gland. 

As  regards  their  distribution  in  time^  the  earliest  forms  of  the 
Tragultda  {Amphitragulus  and  Dremothcrium)  appear  in  the 
Miocene  period. 

3.  Cervida. — ^This  family  is  of  much  greater  importance 
than  that  of  the  Tragulida^  including  as  it  does  all  the  true 
Deer.  They  are  distinguished  from  the  other  Ruminants 
chiefly  by  the  nature  of  the  horns,  which  are  wanting  in  the 
genera  MoschuSy  HydropoteSy  and  Lophotragus,  With  the  single 
exception  of  the  Reindeer,  these  appendages  are  confined  to 
the  males  amongst  the  CervidcBy  and  do  not  occur  in  the  females. 
They  do  not  consist,  as  in  the  succeeding  group,  of  a  hollow 
sheath  of  horn  surrounding  a  central  bony  core,  nor  are  they 
permanently  retained  by  the  animal.  On  the  other  hand,  the 
horns — or,  as  they  are  more  properly  called,  the  antlers — of  the 
Cervidct  are  deciduous,  and  are  solid.  They  are  bony  through- 
out, and  are  usually  more  or  less  branched  (fig.  498),  and  they 
are  annually  shed  and  annually  reproduced  at  the  breeding 
season.  They  increase  in  size  and  in  the  number  of  branches 
every  time  they  are  reproduced,  until  in  the  old  males  they 
may  attain  an  enormous  size.  The  antlers  are  carried  upon 
the  frontal  bone,  and  are  produced  by  a  process  not  at  all 
unlike  that  by  which  injuries  of  osseous  structures  are  made 
good.  At  first,  the  antlers  are  covered  with  a  sensitive 
hairy  skin  or  "  velvet " ;  but  when  the  horn  is  fully  formed, 
there  is  produced  a  bony  ridge  or  "  burr "  a  little  above  its 
base,  separating  the  horn  into  a  basal  stem,  or  "  pedicel,"  and  a 
distal  portion,  or  "beam."  The  pressure  of  the  "burr"  upon 
the  vessels  which  supply  the  velvet  with  blood  leads  to  their 
gradual  obliteration,  the  skin  then  dying  and  peeling  ofif,  thus 
jeaving  the  horn  as  a  naked  bony  process  (fig.  497). 

When  fully  developed,  the  antlers  of  the  Deer  consist  of  a  main  stem  or 
"  beam,"  carrying  one  or  more  branches  or  **  tynes."  In  the  second  year 
after  birth,  when  the  antlers  are  first  produced,  and  in  a  few  Deer  through- 
out life,  the  antler  consists  only  of  the  '^beam,"  and  is  dagger-shaped  and 
unbranched,  the  animal  being  known  now  as  a  ''  brocket."  In  the  boms 
of  the  next  year,  the  antler  develops  a  basal  branch  or  '  *  brow-tyne."  In 
the  horns  of  the  fourth  year,  the  beam  above  the  brow-tyne  becomes  bifur- 
cated, the  divisions  thus  produced  ("tres-tyne  "  and  "  royal  tyne  ")  remain- 
ing simple  in  some  cases,  or  in  other  cases  undergoing  further  subdivision. 
The  differences  in  the  horns  of  different  kinds  of  Deer  depend  principally 
upon  the  extent  to  which  this  subdivision  of  the  beam,  as  regards  one  or 
both  of  its  primary  divisions,  is  carried  on  ;  and  the  following  are  the  prin- 
cipal types  of  antlers  : — 

(A.)  Rusine  type, — The  brow-tyne  simple,  the  beam  simply  divided  (fig. 
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498,  A).     This  form  of  antler  occurs  in  the  Sambur  Deer  {/^usa  Aristotelis) 
and  in  the  Axis  Peer  of  India. 

(B.)  Rucervine  type. — The  two  primary  divisions  of  the  beam  above  the 


Fijj^.  497.— Side  view  of  the  skull  of  the  Roebuck  iCapreolus  caprtta), 
(After  Giebel.) 

brow-tyne  again  bifurcated,  and  both  divisions  approximately  equal,  as  in 
the  Rucervus  Schomlmrgki  of  Siam  (fig.  498,  B).  In  a  modification  of  this 
type,  the  royal  t3me  is  reduced  in  size  (fig.  498,  C),  and  the  tres-tyne  is 
large ;  while  in  a  still  more  extreme  type,  the  royal  tyne  is  reduced  to  a 
mere  snag. 

(C.)  Elaphine  type, — Brow-tyne  reduplicated  (by  the  presence  of  a  "b^- 
tyne  ") ;  the  royal  tyne  large  and  divided.  This  type  occurs  in  the  Red- 
deer  (Cervus  elaphus^  fig.  498,  F  and  G).  In  the  *'sub-elaphine"  type 
(as  in  the  Cervus  sika  of  Japan),  the  brow-tjme  is  simple. 

(D.)  Capreoline  type. — The  beam  dividing  into  a  short  anterior  and  a 
longer  posterior  branch,  the  latter,  when  fully  develof>ed,  again  bifurcated 
at  its  extremity  (fig.  498,  D).  This  type  of  antler  occurs  in  the  Roebuck 
{Capreolus  capraa), 

(E. )  Type  of  the  Muntjak. — Antler  supported  upon  a  lone  osseous  ]>edlcle 
arising  from  the  frontal  bone ;  a  short  brow-tyne ;  the  beam  undivided 
(fig.  498,  E).     Occurs  only  in  the  Muntjak  {Cenmlus  muntjak). 

Of  the  other  characters  of  the  Cervidce^  it  may  be  noted  that 
upper  canines  are  occasionally  developed  (Muntjak,  Musk- 
deer),  and  that  the  second  and  fifth  digits  are  present,  though 
rudimentary  (fig.  485,  4).  The  lachrymal  bone  exhibits  a  deep 
antorbital  pit,  which  lodges  a  peculiar  gland  (the  "  larmier "), 
which  secrets  a  strongly  odorous  waxy  substance.  In  many 
cases,  also,  there  is  a  larger  or  smaller  vacuity  between  the 
frontal,  nasal,  lachrymal,  and  maxillary  bones. 

The  Cerviaa  are  very  generally  distributed,  but  no  member 
of  the  group  has  hitherto  been  discovered  in  either  Australia 
or  South  Africa,  their  place  in  the  latter  continent  seeming  to 
be  taken  by  the  nearly-allied  Antelopes  (distinguished  by  their 
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hollow  homs).     Africa,  in  fact,  has  no  Deer  except  the  Barbary 
Deer  alone,  and  this  occurs  north  of  the  Sahara  only. 

Very  many  species  of  Cervida  are  known,  and  it  is  not  possible  to  allude 
to  more  than  a  few  of  the  more  familiar  and  important  forms.  Three  species 
occur  in  Britain — namely,  the  Roebuck,  Red-deer,  and  Fallow-deer,  the 
last  not  being  truly  indigenous.  The  Roebuck  (Capreolus  capraa)  was  once 
very  generally  distributed  over  Britain,  but  is  almost  confined  to  the  wilder 
parts  of  Scotland  at  the  present  day.  It  is  of  small  size,  and  ranges  over 
Northern  Europe  and  Asia.     The  Red-deer  or  Stag  {Cenms  elaphus)  is  a 


Fig.  498— A,  Antler  of  the  "Rusine"  type  (Sambur  Deer);  B,  Antler  of  the  "Ru- 
cervine "  type  {Rucenms  Sckomburgki) ;  C,  Modified  Rucervine  type  of  antler 
{Rucervus  uuvaucelU)^  in  which  the  '*  royal "  tyne  is  reduced  in  size ;  D,  Antler  of 
the  "Capreoline"  type  {Capreolus  ca^rtta) ;  E,  Antler  of  the  Muntjak  {Cervultu 
muntjeUi)  \  F,  Antler  of  the  Red-deer  (Cenms  elaphus)  of  the  second  year ;  G,  Antler 
of  the  full-grown  Red-deer,  showing  the  "elaphine"  type. 


much  larger  species,  with  well-developed  spreading  antlers.  The  Red- 
deer  of  Britain  is  represented  in  Nortn  America  by  a  still  larger  spedes, 
known  as  the  Wapiti  (Cervus  canadensis). 

The  third  British  species  is  the  Fallow-deer  (Dama  vulgaris)^  charac- 
terised by  the  fact  that  the  antlers  are  palmated— that  is,  dilated  towards 
their  extremities.  It  is  not  indigenous  to  Britain,  and  its  native  habitat  is 
apparently  the  shores  of  the  Mediterranean.  Allied  to  the  Fallow-deer 
is  a  gigantic  extinct  spedes,  the  Megtueros  hibemicus^  which  inhabited 
Ireland,  the  Isle  of  Man,  Scotland,  and  probably  the  greater  part  of 
Europe,  up  to  a  comparatively  modem  date,  probably  having  survived 
into  the  human  period.  It  is  often,  but  incorrectly,  spoken  of  as  the  Irish 
*'  Elk,"  but  it  is  really  a  genuine  Stag.    The  animal  was  of  very  great  size, 
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and  was  furnished  with  enormous  spreading  and  palmate  antlers,  which 
measure  from  ten  to  twelve  feet  between  the  tips. 

Of  all  the  Deer,  the  largest  living  form  is  the  true  Elk  {Alces  palmatus\ 
which  is  generally  distributed  over  the  northern  parts  of  Europe,  Asia,  and 
America,  being  often  spoken  of  as  the  Moose.  The  antlers  in  the  Elk  are 
of  a  very  large  size,  and  are  very  broad,  terminating  in  a  series  of  points 
along  their  outer  edges. 

The  only  completely  domesticated  member  of  the  Cervida  is  the  Rein- 
deer {Ctrvus  tarandus),  which  is  remarkable  for  the  fact  that  the  female  is 
furnished  with  antlers  similar  to,  but  smaller  than,  those  of  the  males.  At 
the  present  day,  the  Reindeer  (if  the  Caribou  be  regarded  as  distinct)  is  ex- 
clusively confined  to  the  extreme  north  of  Europe  and  Asia,  abounding 
especially  in  Lapland.  Remains^  however,  of  the  Reindeer  are  known  to 
occur  over  the  greater  part  of  Europe,  extending  as  far  south,  at  any  rate, 
as  the  Alps,  and  occurring  also  in  Britain.  From  this  fact,  taken  along 
with  many  others,  the  existence  of  an  extremely  cold  climate  over  the 
greater  part  of  Europe  at  a  comparatively  recent  period  may  be  safely 
inferred.  The  Reindeer  lives  chiefly  upon  moss  and  a  peculiar  kind  oif 
lichen,  and  they  are  extensively  used  by  the  Laplanders  both  as  beasts  of 
burden  and  as  supplying  food.  The  "Caribou  of  North  America,  if  not 
absolutely  identical  with  the  Reindeer,  would  seem  to  be,  at  most,  a  well- 
marked  variety  of  it. 

The  so-called  "  Brockets  "  are  small  Deer,  in  which  the  horns  are  simple 
and  stiletto-shaped,  without  tynes.  They  are  natives  of  South  America. 
The  Muntjaks  [Cenmlus)  inhabit  India,  Burmah,  China,  and  the  Indian 
Archii^elago,  and  have  the  horns  supported  upon  long  bony  pedicles 
springing  from  the  frontal  bones,  while  the  males  have  large  upper  canines. 

The  true  Musk-deer  {Moschus  moschiferus)  possess  no  horns,  and  the 
males  have  a  musk-gland.  There  are  canine  teeth  in  both  jaws,  and  the 
upper  canines  of  the  males  have  the  form  of  long  tusks.  The  Musk-deer 
are  elegant  little  animals,  which  a^ree  with  the  typical  Deer  in  the  fact 
that  they  have  spotted  young,  and  that  the  placenta  is  cotyledonary,  whilst 
they  depart  from  the  ordinary  cervine  type  in  the  absence  of  antlers.  They 
inhabit  Central  Asia. 

The  curious  Water-deer  {Hydropotes)  of  China  is  related  to  Moschus, 
and  also  has  no  horns.  Another  curious  Ciiinese  form  is  the  Elaphurus^ 
in  which  there  is  a  long  tufted  tail,  and  the  antlers,  in  place  of  an  anterior 
basal  branch,  possess  a  long  posterior  branch,  the  end  of  which  is  dilated 
and  prolonged  into  several  short  points. 

As  regards  their  distribution  in  time,  the  earliest  remains  of 
Cervidce  appear  in  the  Miocene  {Dorcatheriuniy  Dicrocerosy 
&c.).  Cervus  itself  appears  in  the  Upper  Miocene,  and  of  the 
same  age  is  the  genus  Amphimoschus,  related  to  the  living 
Musk-deer. 

4.  Camelopardalida, — ^This  family  includes  only  a  single 
living  animal — the  Camelopardalis  giraffa^  or  Giraffe — some- 
times called  the  Camelopard,  from  the  fact  that  the  skin  is 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
gives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
upper  canines  in  the  Giraffe,  and  both  sexes  possess  two  small 
frontal  horns,  which,  however,  are  persistent,  and  remain  per- 
manently covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
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stiff  bristles.  These  are  not  mere  out-growths  of  the  frontals, 
but  are  independent  ossifications  placed  on  the  sutures  between 
the  frontal  and  parietal  bones.  There  is  also  a  central  horn, 
if  it  may  be  so  called,  which  is  of  the  nature  of  an  epiphysis, 
and  is  placed  upon  the  sagittal  suture.  It  becomes  early  an- 
chylosed  with  the  skull,  as  do  ultimately  the  other  two  horns. 
The  neck  is  of  extraordinary  length,  but,  nevertheless,  consists 
of  no  more  than  the  normal  seven  cervical  vertebrae.  The  fore- 
legs appear  to  be  much  longer  than  the  hind-legs,  and  all  are 
terminated  by  two  toes  each,  the  second  and  fifth  digits  being 
altogether  wanting.  The  tongue  is  very  long  and  movable, 
and  is  employed  in  stripping  leaves  off  the  trees.  The  Giraffe 
is  the  largest  of  all  the  Ruminants,  measuring  as  much  as  from 
fifteen  to  eighteen  feet  in  height.  It  is  a  harmless  and  inoffen- 
sive animal,  but  defends  itself  very  effectually,  if  attacked,  by 
kicking.     It  is  found  in  Africa,  south  of  the  Sahara. 

Remains  of  gigantic  Ruminants  allied  to  the  Giraffe  have 
been  found  in  the  later  Tertiary  deposits  of  France  and 
Greece  (Hellculotheriutn)  \  but  the  Sivatherium^  sometimes 
referred  to  this  family,  appears  to  have  been  more  nearly 
allied  to  the  true  Antelopes. 

5.  Cavicomia, — The  last  family  of  the  Ruminants  is  that 
of  .the  Cavicornia^  comprising  the  Oxen,  Sheep,  Goats,  and 
Antelopes.  This  family  includes  the  most  typical  Ruminants, 
and  those  of  most  importance  to  man.  The  upper  jaw  in  all 
the  Cavicomia  is  wholly  destitute  of  incisors  and  canines,  the 
place  of  which  is  taken  by  the  hardened  gum,  against  which 
the  lower  incisors  bite.  There  are  six  incisors  and  two  canines 
in  the  lower  jaw,  placed  in  a  continuous  series,  and  the  molars 
are  separated  by  a  wide  gap  from  the  canines.  Both  sexes 
have  horns,  or  the  males  only  may  be  homed,  but  in  either 
case  these  appendages  are  very  different  to  the  "  antlers "  of 
the  Cervida,  The  horns,  namely,  are  persistent,  instead  of 
being  deciduous,  and  each  consists  of  a  bony  process  of  the 
frontal  bone — or  "horn-core" — covered  by  a  sheath  of  horn 
(fig.  499).  In  the  Prong-buck  {Antiiocapra),  however,  the 
sheath  of  the  horn  is  shed  annually.  The  feet  are  cleft,  but 
are  mostly  furnished  with  accessory  hoofs  (the  rudiments  of 
the  second  and  fifth  digits)  placed  on  the  back  of  the  foot. 

The  Cavicomia  comprise  the  three  families  of  the  Antilopida^ 
Ovida^  and  Bovida.  The  Antelopes  form  an  extremely  large 
section,  with  very  many  species.  They  are  characterised  by 
their  slender  deer-like  form,  their  long  and  slender  legs,  and 
their  simple  cylindrical,  annulated  or  twisted  horns,  which  are 
sometimes  confined  to  the  males,  but  often  occur  in  the  females 
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as  well  (fig.  500).  They  possess  the  same  sub-orbital  glands 
("larmiers")  as  have  been  mentioned  as  occurring  in  the 
Cervida ;  and  they  have  also  two  odiferous  glands  on  the 
groin,  the  openings  of  which  are  known  as  the  "inguinal 


Fig.  499.— Skull  of  the  Cape  Buffalo  {Bubaius  fo^r)  viewed  from  above,  showing 
the  horn-cores.     (After  Cuvier.) 

pores."  The  second  and  fifth  digits  are  usually,  but  not 
always  present,  as  rudiments,  represented  by  two  small  acces- 
sory hoofs  on  the  back  of  the  foot 

The  Antelopes  form  a  very  large  and  widely  distributed  family,  being 
especially  numerous,  both  in  individuals  and  species,  in  Africa,  in  which 
country  they  appear  to  take  the  place  of  the  true  Deer  (only  one  species 
of  Deer  being  indigenous  to  Africa).  Amongst  the  better-known  African 
species  of  Antelopes  are  the  Springbok,  Hartebeest,  Gnu,  Eland,  and 
Crazelle.  The  only  European  Antelopes  are  the  Chamois  {Rupicapra 
tragiis\  which  inhabits  the  Alps  and  other  mountain -ranges  of  southern 
Europe,  and  the  Saiga  of  eastern  Europe.  Amongst  the  more  remarkable 
Antelopes  may  be  mentioned  the  Prong-buck  {Antilocapra  americafuz)  of 
N.  America,  in  which  there  are  no  accessory  hoofs,  lachrymal  sinuses,  or 
inguinal  pores  ;  the  females  have  very  small  horns,  and  the  horns  of  the 
male  have  a  snag  or  branch  in  front.  The  horn-core,  however,  is 
conical,  and  does  not  extend  above  the  snag.  The  horns  are  also  very 
remarkable  for  the  fact  that  their  sheath  is  annually  shed,  and  annually 
reproduced.  Another  curious  form  is  the  Chickara  {A,  quadricomis)  of 
India,  in  which  the  females  are  hornless,  but  the  males  have  four  horns. 

The  Sheep  and  Goats  {Ovida)  have  mostly  horns  in  both 
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sexes,  and  the  homs  are  generally  curved,  compressed,  and 
turned  more  or  less  backwards.  The  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes. 


Fig.  500.—  Head  of  the  Koodoo  (JStrePiiceros  koodoo). 

The  Goats  (Caprd)  are  distinguished  from  the  Sheep  by  their  more 
slender  limbs,  long  and  oblique  nostrils,  and  flattened  arched  homs.  The 
throat  is  furnished  with  long  hair,  forming  a  beard,  and  this  appendage 
may  be  confined  to  the  males  or  may  be  present  in  both  sexes.  The 
domestic  Goat  is  believed  to  be  descended  from  the  *'  Paseng  "  \Capra 
agagrus)  of  the  Caucasus  and  Persia.  One  species  of  Ibex  (/.  alpinus) 
inhabits  the  high  ranges  of  Central  and  Eastern  Europe,  but  is  becoming 
gradually  rarer. 

The  Sheep  have  generally  shorter  and  stouter  limbs  than  the  Goats, 
a  beard  being  absent,  and  the  horns  being  spirallv  twisted.  Homs  are 
usually  present  in  both  sexes,  but  are  absent  in  the  females  of  some  breeds 
of  the  domestic  Sheep  {Outs  aries).  Some  of  the  breeds  of  the  domestic 
Sheep,  and  more  particularly  the  smaller  short-tailed  breeds,  with  cres- 
cent-shaped homs,  seem  to  be  descended  from  the  **  Moufflon"  i^Ovis 
musimon\  which  is  still  found  wild  in  Corsica  and  Sardinia.  In  the 
Thian-Shan  Mountains,  above  heights  of  9000  feet,  is  found  the  Ovis 
poll,  distinguished  by  the  immense,  laterally-directed,  spiral  horns.  The 
Olds  Ammon  of  Thibet  is  long-legged,  and  has  large  horns  which  describe 
a  nearly  complete  circle.  The  genus  Ovis  is  represented  in  North 
America  by  the  **  Bighorn'*  {O.  montana)  of  the  Rocky  Mountains. 

The  true  Oxen  {Bovidce)  are  distinguished  by  having  simply 
rounded  homs,  which  are  not  twisted  in  a  spiral  manner,  and 
are  usually  directed  more  or  less  outwards.  Most  of  the  Oxen 
admit  of  being  more  or  less  completely  domesticated,  and 
some  of  them  are  amongst  the  most  useful  of  animals,  both 
as  beasts  of  burden  and  as  supplying  food. 

Of  the  numerous  forms  of  Oxen,  the  following  are  the  more  remarkable 
types : — 

{a.)  The  numerous  domestic  varieties  of  Oxen  may  be  grouped  together 
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under  the  common  name  of  Bos  taurus.  The  nearest  approach  to  British 
Wild  Oxen  are  the  well-known  "Chillingham  Cattle,"  of  which  two  herds 
still  exist.  They  are  white  in  colour,  with  a  black  muzzle,  the  horns  white, 
tipped  with  black.  The  domestic  breeds  of  European  Oxen  seem  for  the 
most  part  to  have  descended  from  one  or  other  of  two  now  extinct  types. 
One  of  these  is  the  "  Urus  "  {Bos  primiffenius)^  which  existed  in  Germany 
when  it  was  invaded  by  the  Romans ;  and  the  other  is  the  British  Short- 
horn "  {Bos  longifrcns)  of  Owen.  Of  the  Bos  taurus  type  are  the  Oxen 
known  as  the  **  Gour,"  the  "  Gayal,"  and  the  "  Banteng,  which  are  found 
in  India  and  the  Indian  Archipelago,  and  have  their  horns  bent  at  first 
outwards  and  then  upwards. 

{p.)  The  Humped  Cattle  {Bibos)  of  the  Oriental  province  are  distin- 
guished by  possessing  a  fatty  hump  over  the  withers.  A  well-known  form 
is  the  Zebu  {B.  indicus\  which  is  often  hornless.  The  Humped  Cattle  are 
known  from  Egyptian  monuments  to  have  been  domesticated  from  an  ex- 
tremely early  period,  but  their  wild  form  is  unknown. 

(r.)  The  Bisons  are  distinguished  by  having  a  shaggy  mane,  a  hump^  on 
the  shoulders,  a  very  large  head,  and  a  tufted  tail.  The  European  Bison 
or  "Aurochs"  {Bison  europants),  formerly  very  widely  distributed,  now 
only  occurs  in  one  of  the  forests  of  Lithuania,  where  it  is  specially  pro- 
tected ;  but  it  is  said  to  be  found  also  in  the  Caucasus.  The  American 
Bison  or  " Buffalo"  {Bison  aniiricanus\  once  extraordinarily  abundant  in 
the  western  United  States  and  Canada,  is  also  now  almost  extinct 

{d.)  The  true  Buffaloes  {Buda/us)  have  large  horns,  triangular  in  section, 
turned  outwards  and  backwards,  and  often  confluent  at  their  bases.  The 
common  Buffalo  {Bubalus  bubalis)  is  found  in  Southern  Europe  and  North 
Africa  ;  and  the  **  Amee"  of  India  is  a  long-homed  variety  of  it.  The 
Cape  Buffalo  {Bubalus  caffiir)  has  short  horns,  with  greatly  expanded  bases, 
and  ranees  over  Africa  south  of  the  equator. 

{e.)  The  "Yak  "  {PoSphagus  grunniens)  represents  a  quite  peculiar  type 
of  Oxen,  distinguished  by  the  possession  of  a  long  silky  tail  and  of  a 
fringe  of  long  hair  along  the  shoulders,  flanks,  and  thighs.  It  inhabits  the 
table-lands  of  Thibet. 

(/)  Lastly,  a  remarkable  type  of  the  Oxen  is  presented  by  the  Mnsk- 
ox  {Ovibos  moschatus)^  which  is  in  some  respects  intermediate  between  the 
Oxen  and  the  Sheep,  and  which  is  by  high  authorities  regarded  as  pro- 
perly referable  to  the  latter.  The  body  of  the  Musk-ox  is  massive,  ¥rith 
very  short  legs  and  a  short  tail ;  the  hair  long ;  the  nose  hairy ;  and  the 
horns  of  the  males  very  wide,  bent  downwards  along  the  side  of  the  head, 
and  then  bent  outwards  and  upwards.  At  present  the  Musk-ox  is  con- 
fined to  Arctic  America  north  of  latitude  60° ;  but  it  formerly  ranged  over 
Northern  Asia,  as  well  as  over  Northern  and  Central  Europe. 

As  regards  their  distribution  in  time^  the  Caviconi  Ruminants 
are  apparently  a  modem  type,  the  earliest  forms  appearing  in 
the  Miocene  or  in  the  beginning  of  the  Pliocene  period. 
Among  the  more  remarkable  extinct  types  may  be  mentioned 
the  gigantic  four-homed  Antelopes  from  the  Pliocene  deposits 
of  India,  upon  which  the  genus  Sivatherium  has  been  founded. 
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CHAPTER    LXIX. 

DINOCERATA,  TILLODONTIA,  AND  TOXODONTIA. 

Order  VII.  Dinocerata.  —  This  order  comprises  certain 
extraordinary  extinct  Mammals  from  the  Eocene  of  North 
America,  which  are  regarded  by  Prof.  Cope  as  an  aberrant 
group  of  UngulateSy  whilst  Prof.  Marsh  considers  them  as  a 
distinct  order  intermediate  between  the  Perissodactyle  Ungulates 
and  the  Proboscidecu 

The  members  of  this  order  are  all  of  gigantic  dimensions, 
and  of  massive  construction.  Both  the  hind-feet  and  fore-feet 
possessed  five  well-developed  toes.  The  nasal  bones  were  elongated^ 
and  do  not  seem  to  have  supported  a  proboscis.  The  cranium 
carries  three  pairs  of  horn-cores^  which  were  probably  envel- 
oped in  homy  sheaths.  There  are  no  upper  incisors^  and  the 
upper  canines  have  the  form  of  long  tusks  directed  downwards. 
(These  characters  are  taken  from  Dinoceras,  the  best-known 
genus  of  the  group.)  The  order  is  distinguished  from  the 
Froboscidea  by  the  absence  of  upper  incisors,  the  presence  of 
canines,  the  possession  of  three  pairs  of  horn-cores,  and  the 
absence  of  a  proboscis. 

In  Dinoceras  itself,  which  may  be  taken  as  the  type  of  the 
group,  we  have  a  large  animal  equal  in  dimensions  to  the 
living  Elephants,  which  it  resembles  also  in  the  osteology 
of  its  limbs,  in  most  essential  respects.  It  is  in  the  skull 
(fig.  501)  and  dentition,  however,  that  the  most  striking  pecu- 
liarities of  Dinoceras  are  to  be  found.  As  regards  the  denti- 
tion, the  front  of  the  upper  jaw  was  destitute  of  incisors,  and 
probably  carried  a  palatine  pad,  but  there  were  two  very  large 
canines  in  the  form  of  tusks  directed  perpendicularly  down- 
wards ;  and  there  was  also  a  series  of  six  small  grinders  on  each 
side.  In  the  lower  jaw  are  six  incisors,  small  canines,  and  twelve 
prsemolars  and  molars,  six  on  each  side.  The  dental  formula 
is  thus — 


/  — —  ;    r  ^  -  -  ;    pm  ^ — ?  ;    m  ^ — 5  =  34. 
3—3         '—I  3—3  3—3 

Superiorly  each  maxillary  bone  carried  a  well-developed  pro- 
cess, probably  of  the  nature  of  a  horn-core.  The  nasals  sup- 
port two  similar  but  smaller  horn-cores  ;  and  the  frontals  and 
parietals  carried  posteriorly  two  larger  bony  projections,  most 
probably  also  of  the  nature  of  horn-cores.     The  animal  thus 
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possessed  three  pairs  of  horns,  one  carried  by  the  upper  jaw- 
bones,  one  by  the  nasals,  and  one  by  the  frontal  bones ;  though 
it  is  possible  that  some  or  all  of  these  cores  were  simply 
covered  by  a  callous  integument.     The  nasal  bones  are  long, 


Fig.  SOI. — Skull  q{ Dinocfras  mirabiU^  after  Marsh.     From  the  Eocene  Tertiarj'. 


and  there  is  no  evidence  of  any  proboscis;  but  there  are 
peculiar  praenasal  ossifications.  The  limbs  are  short,  the  fore- 
legs shorter  than  the  hind-legs ;  and  the  femur  was  not  pro- 
vided with  a  third  trochanter.     The  tail  is  short  and  slender. 

As  regards  the  mental  powers  of  Dinoceras^  Prof  Marsh  re- 
marks:  "The  brain-cavity  oi  Dinoceras  is  perhaps  the  most 
remarkable  feature  in  this  remarkable  genus.  It  proves  con- 
clusively that  the  brain  was  proportionately  smaller  than  in  any 
other  known  Mammal,  recent  or  fossil,  and  even  less  than  in 
some  reptiles.  It  is,  in  fact,  the  most  reptilian  brain  in  any 
known  Mammal.  In  D.  mirabile^  the  entire  brain  was  actu- 
ally so  diminutive  that  it  could  apparently  have  been  drawn 
through  the  neural  canal  of  all  the  praesacral  vertebrae,  cer- 
tainly through  the  cervicals  and  lumbars." 

The  three  genera  which  are  included  amongst  the  Dinoctraia 
by  Marsh  are  Dinoceras^  Tinoceras^  and  Uintatherium,  All 
the  remains  of  this  singular  group  which  have  hitherto  been 
brought  to  light,  are  from  the  Eocene  rocks  of  North  America. 

Order  VIII.  Tillodontia. — This  order  has  been  estab- 
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lished  by  Prof.  Marsh  for  the  reception  of  some  singular  Mam- 
mals from  the  Eocene  Tertiary  of  the  United  States.  The 
following  are  the  characters  of  the  order,  so  far  as  published : 
The  molar  teeth  have  grinding  crowns^  as  in  Ungulates^  and  may 
have  distinct  rootSy  or  may  grow  from  permanent  pulps  ;  small 
canines  are  present  in  both  jaws  ;  and  each  jaw  carries  two  long 
scalpriform  incisors y  resembling  those  of  Rodents  in  form  and  in 
growing  from  persistent  pulps.  The  feet  are  plantigrade  and 
pentadcutyhy  and  the  digits  were  apparently  unguiculate.  The 
femur  has  a  third  trochanter^  and  the  radius  and  ulna  and  tibia 
and  fibula  are  distinct  bones. 

The  order  includes  two  distinct  families, — one,  the  Tillothe- 
ridcBy  having  molar  teeth  with  distinct  roots ;  whilst  the  other, 
Stylinodontid(By  possessed  rootless  molars,  which  grew  from 
persistent  pulps.  All  the  known  forms  of  the  order  are  from 
the  Eocene  Tertiary,  and  the  typical  species  seem  to  have 
been  from  one-half  to  two-thirds  of  the  size  of  the  Tapir. 

The  type-genus  of  the  order  is  Tillotheriumy  which  presents 
a  remarkable  combination  of  the  characters  of  the  Ungulata^ 
Rodentiay  and  Camivora,  The  general  form  of  the  skeleton 
most  closely  resembles  that  of  the  Carnivores,  the  skull  being 


Fig.  i02.^Tillodotitia.    Side  view  of  the  skull  of  Tillotherium/odienSj  with  the  lower 
jaw  displaced  downwards,  one-fourth  of  the  natural  size.    (After  Marsh.) 

like  that  of  the  Bears  in  many  respects,  whilst  the  feet  are  five- 
toed,  with  the  whole  sole  applied  to  the  ground,  and  having 
ungual  phalanges  similar  to  those  of  the  Ursidce,     The  brain- 


8o4 


MANUAL  OF  ZOOLOGY. 


cavity  is  of  small  size,  and  the  cerebral  hemispheres  did  not 
extend  over  the  cerebellum  or  the  olfactory  lobes.  The  orbits 
are  not  complete,  but  open  into  the  temporal  fossas.  The 
praemolars  and  molars  have  grinding  crowns,  the  canines  are  of 
small  size,  and  the  praemaxillae  carried  a  pair  of  large  scalpri- 
form  incisors  (fig.  502),  which  resemble  those  of  the  Rodents 
in  having  chisel-shaped  crowns,  and  in  growing  throughout 
the  life  of  the  animal.  As  in  Rodents,  there  is  a  correspond- 
ing pair  of  scalpriform  incisors  in  the  lower  jaw.  The  dental 
formula  is — 

.1 — I  I — I        .     ^ — •?  3 — ^ 

I  ;    c ;    pm  ^ — ^  ;    m  ^ — ^  =  30. 

I— I  I— I      ^      2—2'        3—3 

Order  IX.  Toxodontia. — This  order  includes  certain  large 
extinct  Mammals  from  the  later  Tertiary  deposits  of  South 
America,  the  true  systematic  position  of  which  is  still  very 
doubtful,  since  they  present  sanities  to  the  Ungulaia^  the 
Rodents,  and  the  Edentates.  The  skull  is  massive  and  the 
dentition  is  very  peculiar.  The  molars  and  praemolars  arc 
bent  so  as  to  be  strongly  convex  outwards  and  concave  inwards, 
with  flat  grinding-surfaces  (fig.  503),  and  presenting  the  pecu- 


Fig.  503.— A,  Right  upper  jaw  of  Toxodon  Burmeisteri^  and  (B)  left  lower  jaw  of  the 
same ;  c  Lower  canine.    (After  Burmeister.)    Greatly  reduced  in  size. 

liarity  that  they  are  rootless  and  grow  firom  persistent  pulps. 
Canines  are  present  in  the  lower  jaw,  but  are  of  very  small 
size  (fig.  503,  c\  and  are  placed  in  the  interval  between  the  in- 
cisors and  premolars.  In  the  upper  jaw  only  the  sockets  for 
the  canines  are  left  There  are  four  upper  and  six  lower 
incisors,  which  are  separated  by  a  wide  diastema  from  the 
praemolars.     The  dental  formula  is — 


.  2 — 2         o — o       .     4- 
3—3         I— I  3—3 
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There  is  no  third  trochanter  to  the  femur,  but  the  structure 
of  the  manus  and  pes  is  quite  unknown. 

The  only  known  genera  are  Toxodon  and  Nesodon, 


CHAPTER    LXX. 

HYRACOIDEA  AND  PROBOSCIDEA. 

Order  X.  Hyracoidea. — This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
three  little  animals,  which  make  up  the  single  genus  Hyrax, 
These  have  been  usually  placed  in  the  immediate  neighbour- 
hood of  the  Rhinoceroses,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
the  Perissodactyle  Ungulates. 

The  order  is   distinguished  by  the  following  characters  : 
There  are  no  canine  teeih^  and  the  incisors  of  the  upper  jaw  are 


Fig.  504. — Skull  of  Hyrax.    (After  Cuvier.) 

long  and  curved^  and  grow  from  permanent  pulps ^  as  they  do  in 
the  Rodents  (such  as  the  Beaver^  Rat,  ^c).  The  lower  incisors 
are  directed  forwards.  The  molar  teeth  are  singularly  like  those 
of  the  Rhinoceros.  The  manus  has  four  functional  digits,  the 
pollex  being  rudimentary ;  and  the  pes  is  tridactylous.     All  the 
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toes  have  rounded  Hoof-like  nailSy  with  the  exception  of  the  inner 
digit  of  the  pesy  which  has  an  obliquely  curved  nail.  Clavicles 
are  wanting ;  the  placenta  is  deciduate  and  zonary. 

The  species  of  Hyrax  are  small,  rabbit-like,  plantigrade 
animals,  in  which  the  body  is  covered  with  hair,  the  nose  and 
ears  are  short,  the  upper  lip  is  cleft,  and  the  tail  is  represented 
by  a  mere  tubercle.  There  are  four  upper  incisors  which 
resemble  those  of  Rodents  in  growing  throughout  the  life  of  the 
animal,  but  which  are  triangular  and  pointed,  instead  of 
having  the  form  of  quadrangular  prisms,  as  they  have  in  the 
latter.  The  outer  pair  of  incisors  fall  out  early ;  the  condyle 
of  the  mandible  is  transversely  elongated;  and  the  lower 
incisors  are  directed  forwards.     The  dental  formula  is — 


.2 — 2         o — o       ^     4. — 4         X — X       , 
2—2         0—0  4—4         3—3 

Several  species  of  Hyrax  are  known,  but  they  resemble  one 


Fig.  505.— Skull  of  the  Indian  Elephant  {EUphas  indicus) :  /Task-like  upper  incison; 
m  Lower  jaw,  with  molars,  but  without  incisors  ;  n  Nostrils,  placed  at  the  end  of  tne 
proboscis.    (After  Owen.) 

another  in  all  essential  particulars,  and,  with  the  exception  of 
H,  syriacusy  they  are  exclusively  confined  to  Africa.    They 


PROBOSCIDEA. 


807 


are  all  gregarious  little  animals,  living  in  holes  of  the  rocks, 
and  capable  of  domestication.  The  "  coney  "  of  Scripture  is 
believed  to  be  the  Hyrax  syriacus^  which  occurs  in  the  rocky 
parts  of  Syria  and  Palestine.  Another  species — the  Hyrax 
capensis,  or  "  Klipdas  "  ("  badger  of  the  cliffs  ") — occurs  com- 
monly in  South  Africa,  and  is  known  by  the  colonists  as  the 
"badger." 

No  fossil  remains  have  as  yet  been  discovered  which  can 
with  certainty  be  referred  to  this  order. 

Order  XI.  Proboscidea. — The  eleventh  order  of  Mammals 
is  that  of  the  Proboscidea^  comprising  no  other  living  animals 
except  the  Elephants,  but  including  also  the  extinct  genera 
Mastodon  and  Deinotherium, 

The  Proboscidea  are  characterised  by  being  large  terrestrial 
Mammals^  with  massive  bodies^ 
the  skin  thick  and  sparsely 
haired.  The  nose  is  prolonged 
into  a  cylindrical  ^^  trunk  ^*  or 
^^ proboscis y^  at  the  extremity  of 
which  the  nostrils  are  situated 
The  feet  are  ftve-toed,  and  the 
extremities  of  the  digits  (some  or 
all)  are  incased  in  hoofs.  In  the 
living  forms  there  are  no  lower 
incisorSy  but  there  are  two  upper 
incisors^  which  grow  from  per- 
manent pulps  ^  and  constitute  long 
^^  tusks. ^^  Canines  are  entirely 
absent  in  both  jaws ;  and  the 
molar  teeth  are  few  in  number ^ 
large^  and  transversely  ridged 
or  tuberculate.  Clavicles  are 
wanting.  The  testes  are  abdo- 
minaly  and  there  are  two  mam- 
mary glands  which  are  pectoral 
in  position.  The  placenta  is 
deciduate  and  zonary. 

The  Proboscideans  are  all 
terrestrial  in  their  habits,  and 
though  some  of  the  extinct  Elephants  were  of  no  great  size, 
they  are  all  massively  constructed  animals,  with  the  limbs  vety 
stout,  and  the  femur  nearly  vertical.  The  fibula  is  complete 
and  distinct  from  the  tibia,  and  the  femur  is  not  furnished 
with  a  third  trochanter.  There  are  five  digits  in  both  the  fore 
and  hind  feet  (fig.  506),  but  all  of  these  are  not,  as  a  rule,  fur- 


Fig.  506.— Hind-foot  of  the  Indian  Ele- 
pnant  {EUfhas  indicus).    (After  Cuvier.) 
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nished  with  hoofs.  The  hoofs  are  placed  in  front  of  a  great 
palmar  and  plantar  pad  of  horny  skin,  upon  which  the  weight 
of  the  body  is  principally  supported. 

The  skull  in  the  Elephants  is  high  and  conical,  with  the  cranial 
sutures  more  or  less  completely  obliterated  in  the  adult.  The 
actual  brain-case  is  of  comparatively  very  small  size,  the  extent 
of  surface  necessary  for  the  attachment  of  muscles  being  secured 
by  the  development  of  great  air-sinuses  between  the  inner  and 
outer  tables  of  the  skull  (fig.  507).    Similar  air-cells  are  also  de- 


Fig.  507. —Section  of  the  skull  of  the  Indian  Elephant  (after  Boyd •  Dawkins  and 
Oakley)  :  s  Air-sinuses ;  h  Anterior  nares  ;  d  Brain-case  ;  m  Molar ;  /  Base  of  the 
tusk. 


veloped  in  the  nasals,  praemaxillae,  maxillae,  and  palatine  bones. 
The  nasal  bones  are  very  short  and  broad,  the  nasal  passages 
are  nearly  vertical,  and  the  anterior  nares  (fig.  507,  n)  are 
wide  and  are  placed  high  up  on  the  front  of  the  head.  The 
nose  itself  is  prolonged  into  a  great  trunk-like  "proboscis" 
(fig.  505),  which  is  composed  of  an  enormous  number  of  inter- 
lacing muscular  fasciculi,  and  terminates  in  a  finger-like  pre- 
hensile lobe,  below  which  are  placed  the  apertures  of  the 
nostrils.  The  proboscis  is  highly  sensitive,  and  is  movable  in 
every  direction.     It  is  the  sole  organ  of  prehension  possessed 
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by  the  animal,  and  is  employed  in  conveying  both  food  and 
water  to  the  mouth. 

The  dentition  of  the  Proboscideans  consists  of  incisors  and 
molars,  canines  being  wanting  in  both  jaws.  In  the  Elephants 
the  lower  jaw  is  destitute  of  incisor  teeth  (fig.  508),  and  there 
are  only  two  upper  incisors,  which  become  greatly  developed 
and  constitute  the  "  tusks."  The  tusks  are  the  only  teeth  in 
the  jaws  which  have  deciduous  predecessors;  but  the  milk- 
tusks  are  early  shed,  and  never  attain  any  great  size.  The 
permanent  tusks  are  composed  of  dentine  and  cement,  some 
extinct  forms  having  an  anterior  strip  of  enamel  as  well ;  and 
they  grow  from  permanent  pulps,  and  often  attain  an  enor- 
mous size,  especially  in  old  males.  The  molar  teeth  are  of 
very  large  size  (fig.  508),  and  are  composed  of  transverse  plates 


Fig.  508. — Lower  iaw  of  the  Indian  Elephant  {EU^has  indicus)^  viewed  from  above, 
showing  the  molar  teeth.    Greatly  reduced  in  size. 


of  enamel,  which  surround  tracts  of  dentine,  and  are  bound 
together  by  cement.  As  the  tooth  wears  down  by  use,  the 
enamel-plates  come  to  project  above  the  general  surface,  en- 
closing islands  of  dentine,  the  form  of  which  varies  in  a 
characteristic  manner  in  different  species  of  Elephants.    There 
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are  six  molars  on  each  side  of  each  jaw,  the  dental  formula 
being  thus — 

o — o 


.1 — I 

/   —   \ 
o — o 


o — o 


6—6        , 
"6-6  =  ^'- 


Though  the  number  of  molars  on  each  side  of  each  jaw  is 
really  six,  owing  to  their  large  size,  and  the  manner  in  which 
they  succeed  each  other  in  the  jaw,  there  is  never  more  than 
one  (or  parts  of  two)  in  use  in  each  jaw  at  one  time  (fig.  508). 
The  molars  do  not,  in  fact,  succeed  one  another  vertically ; 
but  they  come  into  place  successively  from  behind  forwards. 
Thus  the  whole  series  of  molars  gradually  moves  forwards  in 
the  jaw,  and  the  place  of  each  tooth,  as  it  slowly  advances,  is 
taken  by  the  tooth  next  behind  it  in  the  series,  all  but  the 
penultimate  molar  being  lost  when  the  last  cuts  the  gum. 

The  only  existing  Proboscideans  are  the  Elephants,  of  which 
there  are  only  two  living  species,  the  African  and  the  Indian 
Elephant,  both  confined  to  the  tropical  regions  of  the  Old 
World,  in  the  forests  of  which  they  live  in  herds.  They  are 
strictly  phytophagous,  living  upon  grass  or  the  foliage  of 
shrubs  and  trees,  which  they  strip  off  by  means  of  the  pre- 
hensile trunk.  As  the  tusks  prevent  the  animal  from  drinking 
in  the  ordinary  manner,  the  water  is  sucked  up  by  the  trunk, 
which  is  then  inserted  into  the  mouth,  into  which  it  empties  its 
contents.  The  Elephants  are  uniparous,  and  the  period  of 
gestation  is  rather  more  than  twenty  months. 


Fig.  5oj^— A,  Left  ramus  of  lower  jaw  of  Ele^has  indicus,  viewed  from  above  (afker 
Cuvier).     B,  Grinding«5urface  of  molar  tooth  of  EU^kas  e^ricoMMt  (aifter  Giebel). 

The  Indian  Elephant  {EueUphas,  or  Elephas^  indicus)  is  a  native  of 
India,  Ceylon,  Burmah,  Siam,  Cochin-China,  the  Malay  Peninsula,  and 
Sumatra.  The  Ceylon  variety  has  sometimes  been  regarded  as  a  distinct 
species.     The  Indian  Elephant  is  distinguished  by  its  concave  forehead. 
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the  comparatively  small  size  of  the  ears,  the  possession  of  five  hoofs  on  the 
manus  and  four  hoofs  on  the  pes,  and  the  fact  that  the  enamel-folds  of  the 
molars  (fig.  509,  A)  are  narrow  and  parallel.  The  general  colour  of  the  skin 
is  pale  brown,  the  so-called  "White  Elephants  "  being  merely  albinos.  The 
tusks  of  the  males  are  well  developed,  and  grow  to  a  length  of  six  or  seven 
feet,  and  a  weight  of  sixty  or  seventy  pounds,  or  more. 

The  African  Elephant  {Loxodon^  or  EUphns^  africanus)  inhabits  Africa, 
south  of  the  Sahara,  and  formerly  extended  its  range  as  far  as  Cape  Colony. 
It  is  distinguished  by  its  strongly  convex  forehead,  its  great  flapping  ears, 
the  possession  of  four  hoofs  on  the  manus  and  three  hoofs  on  the  pes,  and 
the  fact  that  the  enamel-folds  of  the  molar  teeth  (fig.  509,  B)  are  lozenge- 
shaped.  The  African  Elephant  is  not  now  domesticated,  but  is  largely 
hunted  for  the  sake  of  the  tusks,  these  being  developed  in  both  sexes,  but 
being  smaller  in  the  females  than  in  the  males. 

The  true  Elephants  are  characterised  by  the  fiat,  transversely- 
ridged  crowns  of  the  molar  teeth.  In  the  extinct  genus  Mas- 
todon (fig.  510)  the  general  characters  resemble  those  of  the 


Fig.  51a— A,  Skull  of  Mastodon  giganteum  ;  B,  Side  view  of  the  second  true  molar 
of  Mastodon  gigantettm.    (After  Owen. ) 

Elephants,  but  the  crowns  of  the  molar  teeth  present  nipple- 
shaped  tubercles  arranged  in  pairs.  The  two  upper  incisors 
of  the  Mastodons  were  developed  into  long  tusks,  and  lower 
incisors  are  usually  wanting,  as  in  recent  Elephants;  but  in 
some  cases  two  lower  incisors  were  present  in  addition. 

In  the  genus  Deinotherium^  which  is  usually  referred  to  the 
order  Froboscidea,  there  were  no  upper  incisors,  but  the  lower 
jaw  is  bent  downwards  towards  its  symphysis  (fig.  511),  and  it 
carries  two  long  tusk-like  incisors.  Canines  were  wanting  in 
both  jaws,  and  there  were  two  prsemplars  and  three  molars  on 
each  side  of  each  jaw.  The  grinders  are  crossed  by  strong 
transverse  ridges  {fig.  512),  which  give  them  a  distinctly 
Tapiroid  character.  The  species  of  Deinotherium  attained 
gigantic  dimensions,  the  general  structure  of  the  skeleton 
resembling  that  of  the  Elephants. 
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As  regards  the  distribution  in  time  of  the  Proboscideans,  the 
genus  Deinotherium  is  characteristic  of  the  Middle  Tertiary 
or  Miocene  period.     The  Mastodons  begin  in  the  Miocene 


Fig.   5 IX.  — Skull  of  DiinotheriMm 
giganteum.     Miocene  Tertiary. 


Fig.  51a.— A,  Side-view  of  the  third 
molar  <A  Deinctkerittm  eiganieunt ; 
B,  Grinding  surface  of  the  same. 
Miocene  Tertiary.    (After  Kaop.) 


period,  but  they  are  also  found  in  the  Pliocene  deposits,  and 
survived  into  the  Quaternary  period.  True  Elephants  appear 
for  the  first  time  in  the  Siwalik  deposits  of  India,  and  Europe 
possessed  well-known  types  of  Elephants  in  Pliocene  times 
\E,  meridionalis  and  E,  priscus).  The  best  known,  as  well  as 
the  most  modern,  of  the  extinct  Elephants  is  the  Mammoth 
{EUphas  primigeniu5\  which  formerly  ranged  over  the  whole  of 
Northern  Asia  and  Europe,  and  unquestionably  survived  into 
the  human  period.  By  the  discovery  of  the  bodies  of  Mam- 
moths embedded  in  the  frozen  soil  of  Siberia,  we  know  that 
this  remarkable  Elephant  was  furnished  with  a  covering  of 
long  woolly  hair. 


CHAPTER     LXXI. 

CARNIVORA. 

Order  XII.  Carnivora. — The  order  of  the  Camivora— 
the  Fera  of  many  writers — comprises  the  Beasts  of  Prey, 
which  are  characterised  as  hairy  Mammals^  in  which  the  toes 
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are  furnished  with  claws  (much  reduced  in  Seals),  and  the 
clavicles  are  rudimentary  or  absent.  There  are  two  sets  of 
enamelled  teeth,  which  are  always  of  three  kinds — incisors, 
canines,  and  molars— and  which  differ  from  another  in  shape 
and  size.  The  incisors  are  never  more  than  three  on  each  side  of 
each  jaw,  and  the  canines  are  always  longer  and  more  pointed 
than  the  incisors.  Some  of  the  prcemolars  and  molars  are  usually 
furnished  with  cutting  or  trenchant  edges,  and  the  condyle  of  the 
lower  jaw  is  transversely  elongated.  The  orbits  are  not  separ- 
ated from  the  temporal  fossce,  and  the  facial  region  of  the  skull 
is  usually  short.  The  intestine  is  comparatively  short,  and  the 
stomach  is  simple.  The  mammary  glands  are  abdominal,  and 
the  placenta  is  deciduate  and  zonary. 

The  Camivora  are  adapted  by  their  organisation  for  a  rap- 
torial life,  and  for  a  more  or  less  exclusively  carnivorous  diet, 
though  in  exceptional  cases  the  food  is  not  of  an  animal 
nature  at  all.  The  adaptation  here  spoken  of  is  especially 
conspicuous  as  regards  the  structure  of  the  skull  and  the  form 
of  the  teeth.     The  skull  (fig.  513)  generally  possesses  a  more 


Fig.  513. — Skull  of  the  Lion,  viewed  from  above,  one-fourth  of  the  natural  size,  showing 
the  sagittal  crest,  the  wide  zygomatic  arches,  and  the  incomplete  orbits. 

or  less  marked  sagittal  crest  serving  for  the  attachment  of  the 
powerful  muscles  of  mastication.  The  orbits  are  continuous 
with  the  zygomatic  fossae  j  and  the  latter  are  very  wide,  so  as  to 
accommodate  the  powerful  temporal  and  masseter  muscles; 
the  coronoid  process  of  the  mandible,  to  which  the  former 
of  these  muscles  is  attached,  being  unusually  strong  and  high. 
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The  condyle  of  the  lower  jaw  is  transversely  elongated,  so  as 
to  limit,  or  entirely  prevent,  movement  of  the  jaw  in  any 
direction  except  a  vertical  one.  The  "  tentorium,"  or  fold  of 
the  dura  mater  separating  the  cerebellum  from  the  cerebrum, 
is  ossified. 

The  teeth  are  simple,  their  crowns  covered  with  enamel, 
and  all  three  kinds  of  teeth  are  present  Except  in  some  Seals, 
there  are  always  three  incisors  on  each  side  of  each  jaw.  The 
canines  are  always  long  and  pointed.  The  crowns  of  the  prae- 
molar  teeth  and  of  the  first  lower  molar  are  typically  sharp- 
edged  and  trenchant,  but  they  graduate  from  a  cutting  to  a 
tuberculate  form  according  as  the  diet  is  strictly  of  an  animal 
nature,  or  becomes  more  or  less  miscellaneous. 

In  the  typical  and  most  highly  specialised  Carnivores  (such 
as  the  Felida)y  the  last  praemolar  in  the  upper  jaw,  and  the 
first  molar  in  the  lower  jaw  (fig.  514,/^^  and  m)  are  specially 


Fig._ 51^.— Permanent  dentition  of  the  Lion  {Felts  ieo).  In  the  upper  jaw  the  letter  /* 
indicates  the  upper  camassial,  while  in  the  lower  jaw  the  letter  m  indicates  the 
lower  carnassial. 

developed,  and  are  known  as  the  "  camassial "  teeth,  having  a 
sharp  cutting-edge ;  whereas  in  other  cases  the  corresponding 
teeth  are  blunt  and  "  tuberculated."  Even  in  their  most  tren- 
chant condition,  the  camassial  tooth  commonly  has  a  more  or 
less  developed  tuberculated  process,  or  "  heel,"  on  the  inside  of 
its  cutting-edge.  In  various  Carnivores  a  number,  or  all,  of 
the  praemolars  and  molars  may  be  "  tuberculate,"  their  crowns 
being  adapted  for  bruising  rather  than  cutting.  As  a  general 
rule,  the  shorter  the  jaw,  and  the  fewer  the  praemolars  and 
molars,  the  more  carnivorous  is  the  animal. 

Clavicles  are  wanting,  or  are  rudimentary,  in  all  the  Camivora. 
The  radius  and  uUia  and  tibia  and  fibula  are  complete,  and 
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there  are  usually  five  digits  to  the  feet.  The  digits  are 
terminated  by  claws,  the  length  and  sharpness  of  which  are 
generally  in  proportion  to  the  degree  in  which  the  animal  is 
strictly  carnivorous.  In  the  aquatic  Carnivores  {Pinnipedia), 
however,  the  claws  are  small  or  rudimentary.  The  structure 
of  the  feet  varies  in  different  groups  of  Camivora,  In  the 
aquatic  Carnivores  (Seals  and  Walruses),  the  limbs  are  short, 
and  the  toes  are  united  by  the  skin,  thus  converting  the  feet 
into  swimming- paddles  (fig.  515,  B).  In  the  Bears  and  various 
other  forms  of  the  order,  the  animal  is  "  plantigrade,"  the  foot 


515. — Feet  of  Camivora  (after  Owen).     A,  Piantigradn,  Foot  of  Bear ; 
B,  Pinnigrada^  Hind-feet  of  Seal ;  C,  Digiiigrada^  Foot  of  Lion. 

being  so  constructed  that  the  sole  is  wholly  or  in  great  part 
applied  to  the  ground  (fig.  515,  A).  On  the  other  hand,  in  the 
Cats,  Dogs,  and  Hyaenas,  the  animal  is  **  digit igrade,"  walk- 
ing on  the  phalanges  of  the  toes,  the  metacarpal  and  meta- 
tareal  bones  being  nearly  vertical  and  not  touching  the  ground 
atall(fig.  515,  C). 

The  organs  of  hearing,  smell,  and  vision  are  very  highly 
developed  in  the  Camivora,  The  sense  of  taste  is  less  de- 
veloped, the  papillae  of  the  tongue  being  often  homy,  enabling 
this  organ  to  act  mechanically,  as  a  rasp,  in  licking  the  flesh 
off  bones.  Lastly,  the  skin  in  the  Camivora  is  very  loosely 
attached  to  the  subcutaneous  structures. 

As  regards  their  distribution  in  space^  the  Camivora  are 
found  more  or  less  abundantly  in  all  the  great  zoological  pro- 
vinces, with  the  exception  of  the  Australian.  Australia  itself 
possesses  the  Dingo,  but  it  is  questionable  if  this  is  truly  in- 
digenous; while  New  Zealand  and  the  various  islands  in- 
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eluded  in  the  Australian  province  seem  to  be  wholly  without 
native  Carnivores. 

As  regards  their  distribution  in  time^  the  earliest  types  of  the 
order  make  their  appearance  in  the  later  Eocene  deposits 
{Galecynus) ;  and  the  leading  modem  groups  of  the  Camivora 
are  represented  in  the  Miocene  Tertiary.  The  Ursidse  (Bears) 
appear  in  the  Miocene  {Hycenarctos\  and  various  forms  of 
Ursus  itself  are  found  in  the  Pliocene  and  Post-pliocene. 
The  Civet-cats  {Viverridce)  appear  in  the  Upper  Eocene 
(Tylodon  and  Palaonyctis)  \  and  the  Miocene  genus  Ictithe- 
rium  seems  to  connect  the  Civet-cats  with  the  Hyaenas. 
The  great  group  of  the  Canidce  is  known  by  various  fossil 
forms,  of  which  the  Amphicyon  of  the  Miocene  Tertiary  is 
one  of  the  most  interesting,  its  plantigrade  foot  bringing  it 
into  relation  with  the  Bears.  True  Hyaenas  appear  to  have 
existed  in  the  late  Miocene  (Pliocene)  deposits.  Lastly,  the 
FelidcB  (Cats)  commence  in  the  Upper  Eocene,  and  are  rep- 
resented in  the  Miocene  deposits  by  numerous  forms.  One 
of  the  most  remarkable  of  the  extinct  Felidm  is  the  genus 
MachairoduSy  comprising  the  so-called  "  Sabre-toothed  Tigers," 
in  which  the  huge  canines  are  compressed  and  sabre-shaped, 
and  have  finely  serrated  margins. 

As  regards  the  classification  of  the  Camivora^  the  order  has 
often  been  divided  in  accordance  with  the  structure  of  the 
feet  into  the  three  groups  of  the  Finnipedia^  Plantigradoy  and 
Digitigrada,  A  more  natural  arrangement,  however,  is  to 
divide  the  order  into  the  two  primary  sections,  or  sub-orders, 
of  the  Finnipedia  and  Fissipedia^  the  former  comprising  the 
aquatic  Seals  and  Walruses,  while  all  the  ordinary  terrestrial 
Carnivores  are  included  in  the  latter. 


PiNNIPEDIA. 

Sub-order  I.  Pinnipedia.  —  This  division  comprises  the 
Seals  and  Walruses,  characterised  by  their  adaptation  to  an 
aquatic  mode  of  life.  The  body  (fig.  516)  is  elongated, 
covered  with  a  short  dense  fur,  more  or  less  largely  inter- 
spersed in  many  cases  with  long  harsh  hairs,  and  terminated 
posteriorly  by  a  short  conical  tail.  All  the  four  limbs  are 
present,  but  are  very  short,  and  have  the  digits  united  by  the 
skin  so  as  to  form  swimming-paddles.  The  feet  have  five  toes 
each,  but  the  nails  are  small  or  almost  wanting.  The  hind- 
feet  of  the  typical  Seals  are  placed  far  back,  nearly  in  a  line 
with  the  axis  of  the  body  (fig.  516),  and  are  more  or  less 
closely  bound  down  by  the  integuments  to  the  tail.     The 
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hind-limbs  are  thus  admirably  adapted  for  swimming,  but 
little  suited  for  terrestrial  progression.  The  ordinary  Seals, 
in  fact,  can  only  drag  themselves  laboriously  along,  when  on 


Fig.  516.— The  Greenland  Seal  {J'hcca  grttnlandicti^ 

the  land,  chiefly  by  the  contractions  of  the  abdominal  muscles. 
On  the  other  hand,  the  Eared  Seals  (Otariada)  and  the 
Walruses  have  the  hind-limbs  less  closely  pinned  down,  and 
not  directed  backwards  in  the  axis  of  the  body,  and  thus  can 
move  upon  the  land  with  considerable  freedom. 

The  skull  of  the  Pinnipedes  is  more  or  less  smooth  and 
free  from  muscular  ridges,  the  brain-case  and  orbits  being  of 
large  size.  The  hinder  part  of  the  skull  is  broad  and  rounded, 
but  the  interorbital  region  is  much  contracted.  The  denti- 
tion varies,  but  teeth  of  three  kinds  are  always  present,  in  the 
young  animal  at  any  rate.  The  canines  are  always  long  and 
pointed,  and  the  praemolars  and  molars  (except  in  the  Wal- 
ruses) have  serrated  crowns.  The  lower  incisors  may  be 
reduced  to  four  or  to  two  in  number,  or  may  even  be  wanting 
(Walrus);  and  the  upper  incisors  may  fall  below  the  normal 
six.     The  dental  formula  of  the  common  Seal  (fig.  517)  is — 

t  ^ — ^  ;    c ;    pm  ^ —  ;  m =  34. 

2 — 2         I— I  4 — 4         I — I 

The  Seals  have  a  thick  layer  of  fat  below  the  skin.  In  the 
Eared  Seals  alone  is  the  ear  furnished  with  a  small  pinna,  all 
the  other  members  of  the  group  having  the  ears  only  indi- 
cated by  small  external  apertures,  which  can  be  closed  when 
the  animal  is  under  water.  The  lungs  are  remarkably  capa- 
cious, and  submersion  for  proportionately  long  periods  can 
be  borne  without  injury.     The  intestine  is  much  longer  than 
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in  the  typical  Carnivores,  sometimes  reaching  fifteen  times 
the  length  of  the  body,  and  the  food  consists  of  fishes,  shell- 
fish, and  other  marine  animals. 

The  section  Pinnipedia  includes  the  three  families  of  the 


Fig.  517. — Dentidon  of  the  Common  Seal  {PhtKa  xfituUita^ 

Earless  Seals  {Phocidci)^  the  Eared  Seals  {Otariada),  and  the 
Walruses  {Trichechidce). 

The  typical  Seals  {Phocida)  are  distinguished  from  the  Walruses  by  the 
presence  of  incisor  teeth  in  both  jaws,  and  by  canines  of  moderate  size ; 
while  the  absence  of  ears  and  the  inability  to  use  the  hind-limbs  on  land 
separate  them  from  the  Otariada,  They  form  a  very  numerous  family,  of 
which  species  are  found  in  almost  every  sea  out  of  the  limits  of  the 
tropics.  They  abound,  however,  especially  in  the  seas  of  the  Arctic  and 
Antarctic  regions.  They  live  for  the  most  part  upon  fish,  and  when 
awake,  spend  the  greater  part  of  their  time  in  the  water,  only  coming  on 
land  to  bask  and  sleep  in  the  sun,  and  to  bring  forth  their  young.  They 
appear  to  be  universally  polygamous.  The  body  Is  covered  with  a  short 
fur,  interspersed  with  long  bristly  hairs  ;  and  the  lips  are  furnished  with 
long  whiskers,  which  act  as  organs  of  touch.  The  Seals  are  very  largely 
captured  for  the  sake  of  their  blubber. 

The  only  common  British  Seal  is  the  Phoca  vtfulina,  which  occurs  not 
uncommonly  on  the  northern  shores  of  Scotland,  and  ranges  over  almost 
the  whole  of  the  shores  washed  by  the  North  Atlantic  and  the  seas  of 
Greenland.  It  Is  yellowish -grey  in  colour,  and  measures  from  three  to 
five  feet  in  length.  Other  Seals  attain  a  much  greater  length — the  Great 
Seal  measuring  from  eight  to  ten  feet,  and  the  Elephant  Seal  {Macrv- 
rAmus),  of  the  South  Pacific,  reaching  a  length  of  twenty  feet 

The  Eared  Seals  or  Sea-lions  (0/artada)  differ  from  the  typical  Seals  in 
the  possession  of  small  conical  ears,  and  in  the  much  greater  freedom  of  the 
limbs,  enabling  the  animal  to  walk  with  comparative  ease  on  land.  The 
Eared  Seals  are  principally  found  on  the  shores  of  the  continents  and 
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islands  washed  by  the  Pacific;  but  they  are  also  found  in  the  extreme 
southern  part  of  the  Atlantic  as  far  northwards  as  the  mouth  of  the  Rio 
Plata.  Among  the  various  interesting  forms  included  in  this  family,  the 
well-known  Alaskan  "  Fur  Seal "  (CaUarhinus  ursinus)  may  be  mentioned, 
but  space  will  not  permit  an  account  of  its  habits  and  of  the  remarkable 
phenomena  connected  with  its  reproduction. 

The  third  family  of  the  Pinnipedia  b  that  of  the  Trichechida:,  comprising 
only  the  Walruses  {Trichechus),  Only  two  species  of  Walrus  are  known 
— viz.,  the  Atlantic  Walrus  or Moxs^  {Trichechus,  or  OdobctnuSy  rosmarus\ 
and  the  Pacific  Walrus  ( T.  obesus).     The  chief  peculiarities  of  this  family, 


Fig.  518.— Skull  and  dentition  of  the  Atlantic  Walrus.  (After  de  Blainville  and  Murie). 
A,  Skull  of  adult,  showing  the  tusk-like  upper  canines;  B,  Palate  and  dentition  of  the 
young  animal ;  C,  Lower  jaw  and  dentition  of  the  young  animal. 


as  compared  with  the  preceding  groups,  are  found  in  the  dentition,  which, 
owing  to  the  early  disappearance  of  certain  of  the  teeth  and  to  the  common 
occurrence  of  individual  variations,  has  been  differently  described  by  dif- 
ferent observers.  According  to  Mr  Allen,  whose  views  are  essentially  in 
accord  with  those  of  Professor  Flower,  the  dental  formula  for  the  milk- 
dentition  of  the  Walrus  is— 


,•3-3.   ^i-i. 
3-3        i-i 


4—4 


The  dental  formula  for  the  permanent  dentition,  on  the  other  hand,  is- 


.1  —  1         I- 

I  —  ;    c  - 


4-4 


mllZl  =  26. 
I— I 


o — o         I — I 
The  special  peculiarities  of  the  permanent  dentition  of  the  Walruses 
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(i)  The  whole  of  the  lower  incisors  disappear  in  the  adult,  as  do  all  the 
upper  incisors  except  the  outermost  incisor  on  each  side.  (2)  The  upper 
canines  are  enormously  developed,  growing  from  permanent  pulps  to  a 
length  of  a  foot  or  a  foot  and  a  half,  and  bemg  directed  downwards  so  as 
to  project  far  below  the  chin  (fig.  518,  A).  (3)  The  lower  canines  are 
small,  and  are  like  the  prsemolars  in  form.  (4)  The  last  upper  praemolax 
and  the  upper  molar  usually  disappear  in  the  adult,  as  also  does  the  lower 
molar  on  each  side. 

Except  as  regards  the  dentition  and  the  absence  of  external  ears,  the 
Walruses  agree  in  most  respects  with  the  Eared  Seals,  especially  in  the 
comparative  freedom  of  the  limbs.  They  are  large  and  heavy  animals, 
attaining  a  length  of  ten  or  fifteen  feet  or  upwards.  The  body  is  covered 
with  short  hair,  and  the  face  bears  many  long  stiff  bristles.  The  great 
tusk-like  upper  canines  are  employed  as  weapons  of  offence  and  defence, 
and  for  digging  up  burrowing  shell-fish  out  of  the  sand  or  mud  of  the  sea- 
bottom  ;  and  they  are  also  used  to  assist  the  unwieldy  animal  in  getting 
out  of  the  water  upon  the  ice.  The  Atlantic  Walrus  is  abundant  in  the 
Arctic  seas,  living  in  herds  ;  the  Pacific  Walrus  being  found  in  correspond- 
ing latitudes  on  the  western  side  of  the  American  continent. 


FiSSIPEDIA. 

Sub-order  II.  Fissipedia. — This  section  of  the  Camivora 
includes  terrestrial  forms,  in  which  the  foot  is  adapted  for 
walking  on  land  (rarely  webbed  for  swimming  also),  and  the 
toes  have  well -developed  claws.  The  Fissipede  Carnivores 
admit  of  a  natural  division  into  the  three  groups  of  the 
Arctoidea  (Bears  and  their  allies),  the  Cynoidea  (Dogs,  Wolves, 
&c.),  and  the  jEluroidea  (Cats,  Hyaenas,  Civets). 

Section  i.  Arctoidea. — The  forms  included  in  this  group 
have  commonly  been  spoken  of  as  the  "  Plantigrade  Car- 
nivora  "  {Plantigrada),  as  they  apply  the  whole  or  the  greater 
part  of  the  soles  of  the  feet  to  the  ground  in  progression  (fig. 
519).  Except  in  the  Polar  Bear,  the  soles  of  the  feet  are 
naked ;  and  in  all  cases  there  are  five  clawed  digits  to  each 
foot.  The  tympanic  bones  are  dilated  into  "  tympanic  bullae," 
but  these  are  of  comparatively  small  size,  and  are  not  divided 
into  two  by  an  internal  septum ;  while  the  external  auditory 
meatus  is  of  considerable  length.  The  intestine,  lastly,  is 
without  a  caecum. 

The  section  of  the  Arctoidea  includes  the  four  families  of 
the  UrsidcB  (Bears),  the  Procyonida  (Racoons,  Coatis,  &c.), 
the  jEluridcR  (Panda),  and  the  Musteiidce  (Weasels,  Badgers, 
Otters,  &c.). 

The  typical  family  of  the  Arctoidea  is  that  of  the  Ursida, 
including  only  the  Bears.  The  Bears  are  much  less  purely 
carnivorous  than  the  majority  of  the  Beasts  of  Prey,  and,  in 
accordance  with  their  omnivorous  habits,  the  teeth  do  not 
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exhibit  the  typical  carnivorous  characters.     The  incisors  and 
canines  have  the  ordinary  carnivorous  form,  but  the  "  camas- 


^^S-  5 '9* —The  Brown  Coati  (Nasua/usca),  showing  the  plantigrade  form  of  the  feet. 

sial "  teeth  have  tuberculate  crowns,  instead  of  a  sharp  cutting- 
edge.     The  dental  formula  in  Ursiis  (fig.  520)  is — 


t  '^ — ^  •    c 
3—3         I- 


-T  .         4 4  2 2 

_-  ;  pm  ^- — -:   m  =42. 

-I  4—4         3—3 


The  dental  formula  of  the  Bears  is  thus  the  same  as  that  of  the 
Dogs;  but  the  second  and  third  praemolars  are  small  and 
usually  deciduous,  while  the  first  praemolar  is  also  often 
caducous.  The  last  praemolar  and  all  the  molars  have  tuber- 
culate crowns,  and  the  camassials  are  not  of  specially  large 
size,  these  characters  being  equally  present  in  the  flesh-eating 
Polar  Bear  and  the  strictly  vegetarian  Sun-bear. 

The  skull  of  the  Bears  exhibits  fairly  well-developed  mus- 
cular ridges,  and  the  muzzle  is  elongated.  The  claws  are 
formed  for  digging,  being  large,  strong,  and  curved,  but  not 
retractile.  The  tongue  is  smooth ;  the  ears  small,  erect,  and 
rounded ;  the  tail  short ;  the  nose  forms  a  movable  truncated 
snout ;  and  the  pupil  is  circular. 
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As  shown  by  their  smooth  tongues  and  tuberculate  molan, 
the  Bears  are  not  peculiarly  or  strictly  carnivorous.  They  eat 
flesh  when  they  can  obtain  it,  but  in  most  cases  a  great  part  of 
their  food  is  of  a  vegetable  nature. 


Fig.  520.— Dentition  of  the  Polar  Bear  {Tkalassarctos  marttimuiy.    The  deciduous 
second  and  third  praemolars  have  disappeared. 

The  Bears  are  very  generally  distributed  over  the  globe,  Australia  and 
Africa  alone  having  no  representative  of  the  family.  The  common  Brown 
Bear  (Ursus  arctos)  was  at  one  time  an  inhabitant  of  Britain,  and  also 
existed  over  the  whole  of  Europe.  At  the  present  day  the  Brown  Bear  is 
only  found  in  the  great  forests  of  the  north  of  Europe  and  Asia,  and  in 
the  Arctic  portions  of  North  America.  It  feeds  on  roots,  fruits,  honej, 
insects,  and,  when  it  can  obtain  them,  upon  other  Mammals.  It  attains  a 
great  age,  and  hibernates  during  the  winter  months.  Very  nearly  allied 
to  the  Brown  Bear  is  the  Black  Bear  of  America  {Ursus  ameruanus). 
Both  are  of  some  commercial  value,  being  hunted  for  the  sake  of  their 
skins,  fat,  and  tongues.  A  much  larger  American  species  is  the  Grizzlj 
Bear  ( Ursus  ferox),  found  in  many  parts  of  the  North  American  continent. 
It  is  about  twice  as  large  as  the  Black  Bear,  but,  though  largely  carnivorous, 
it  is  said  to  subsist  to  some  extent  upon  vegetable  food,  such  as  acorns. 
The  most  remarkable,  however,  of  the  Bears  is  the  great  White  Bear 
( Thalassarctos  maritimus),  which  is  exclusively  a  native  of  the  Arctic 
regions.  It  is  a  very  large  and  powerful  animal,  the  fur  of  which  is  cream* 
coloured.  The  paws  are  very  long,  and  the  soles  of  the  feet  arc  covered 
with  coarse  hair,  giving  the  animal  a  firm  foothold  upon  the  ice.  The 
Polar  Bear  differs  from  the  other  Ursida  in  being  exclusively  camivorons, 
since  vegetable  food  would  be  generally  unattainable.  It  is  as  much  at 
home  in  the  water  as  on  land,  and  lives  chiefly  upon  seals  and  fish,  and 
the  carcasses  of  Cetaceans. 

Amongst  the  other  Bears  may  be  mentioned  the  Sun -bears  {Helardcs) 
of  the  Malayan  Archipelago,  the  Honey-bears  {Prochilus  or  Melursus)  of 
India,  and  the  Spectacled  Bear  {Helarctos^  or  Tremarctos^  omatus)  of  the 
Peruvian  and  Chilian  Andes,  the  sole  representative  of  the  Ursida  in 
South  America, 
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The  family  Procyonida  includes  a  number  of  small  American 
Carnivores,  which  are  nearly  allied  to  the  Bears,  but  which 
differ  from  the  latter  in  the  greater  development  of  the  "  tym- 
panic bullae,"  and  in  the  fact  that  there  is  a  molar  less  on  each 
side^  of  the  lower  jaw.  The  type  of  the  group  is  the  genus 
Procyon  (the  Racoons),  in  which  the  dental  formula  is — 


/3z:3.    ,1=1.    ^^4_ 
Z—Z         I— I  4—4 


4  2 — 2 

-'    m  =40. 

2 — 2 


The  Racoons  {.Procyon^  fig.  521)  are  natives  of  tropical  and  northern 
America,  and  have  a  decided  external  resemblance  to  the  Bears.  They 
have  tolerably  long  tails,  however,  and  sharp  muzzles.  The  commonest 
species  is  the  Procyon  lotor  of  North  America,  which  derives  its  specific 


Fig.  521.— Skull  of  Racoon  {Procy(m  lotor).    (After  Giebel.) 

name  from  its  habit  of  soaking  its  food  in  water  before  eating  it.  The 
Coatis  {Nasua,  fig.  519)  are  nearly  allied  to  the  Racoons,  and  are  exclu- 
sively confined  to  the  Neotropical  province,  ranging  from  Mexico  to 
Paraguay.  The  Kinkajou  {Cercoleftes)  is  likewise  Neotropical  in  its  range, 
and  is  arboreal  in  its  habits,  its  tail  being  prehensile.  In  general  appear- 
ance it  somewhat  resembles  the  Lemurs.  Lastly,  forming  a  transition 
between  the  Procyonida  and  the  Civets  {Viverrida)^  is  the  curious 
**  Cacomixle  "  {Bassahs  astuta)^  which  is  likewise  arboreal  in  its  habits, 
and  is  a  native  of  California,  Texas,  and  parts  of  Mexico. 

The  small  family  of  the  ^lurida  comprises  only  the  well- 
known  "Wah"  or  "Panda"  {/Elurus  fulgens)  of  India  and 
Thibet,  and  the  /Eluropus  of  the  latter  country.  The  former 
is  a  cat-like  animal,  chestnut-brown  above  and  black  inferiorly, 
with  a  white  face  and  ears ;  and  the  latter  is  almost  completely 
white  in  colour.  Like  the  Kinkajous,  but  unlike  the  Coatis 
and  Racoons,  the  /Elurus  has  semi-retractile  claws. 

The  remaining  members  of  the  Arctoid  Carnivora  are  now 
very  generally  grouped  together  to  form  a  single  family,  to 
which  the  name  of  Mustdtda  is  applied,  and  which  comprises 
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not  only  the  Weasels  and  Polecats  and  their  allies,  but  also 
the  Badgers  and  Otters.  All  these  forms  agree  in  the  fact 
that  there  is  only  a  single  upper  molar,  and  that  there  are  usu- 
ally two  (never  more)  lower  molars  on  each  side.  With  hardly 
an  exception,  the  last  upper  praemolar  (the  upper  carnassial) 
has  a  cutting-edge.  AH  the  members  of  this  family,  further, 
possess  anal  glands,  which  produce  a  malodorous  secretion. 

The  Badgers  have  often  been  regarded  as  forming  a  separate 
family  {Melida).  They  differ  from  the  more  typical  Mustelida 
in  their  completely  plantigrade  progression.  The  dental  for- 
mula of  the  Badger  is  as  follows  (Baird) — 

^ — %         I — I       ^     3 — 3  I 


/  ^-^:    c 


;     /^?_^  ;    »,  L_i  =  34(36). 


3—3 '       ^—^ '  Z—Z  (4—4)'       2—2 

The  first  prgemolar  in  the  lower  jaw  is  very  minute,  and  is 
soon  lost;  the  upper  carnassial  has  a  well-marked  internal 
tubercle ;  and  the  upper  molar  is  of  comparatively  large  size, 
nearly  equalling  the  carnassial  in  its  dimensions. 

The  common  Badger  {Melfs  taxus\  which  may  be  regarded  as  the  type 
of  this  group,  occurs  in  Britain,  and  is  one  of  the  most  inoffensive  of  ani- 
mals. It  is  nocturnal  in  its  habits,  and  is  a  very  miscellaneous  feeder,  not 
refusing  anything  edible  which  may  come  in  its  way,  though  living  mainly 
on  roots  and  fruits.  The  Badger  burrows  with  great  ease,  and  can  bite 
very  severely.  The  European  Badger  is  represented  in  the  United  States 
and  Canada  by  the  *'Siffleur"  {Taxidea  labradorica\  and  in  the  hiUy 
parts  of  India  by  the  Indian  Badger  {Meles  or  Arctonyx  collaris). 

Resembling  the  Badgers  in  their  strictly  plantigrade  progression,  but 
differing  in  other  characters,  are  the  Skunks  {Mephitis).  These  are  all 
American,  and  are  celebrated  for  the  horrible  and  unendurable  odour  of 
the  anal  secretion.  The  best-known  species  is  the  common  Skunk  {Af, 
nuphitica)j  the  bite  of  which  occasionally  produces  a  form  of  rabies. 

The  Ratels  or  Honey-badgers  {Mellivora)  differ  from  the  true  Badgets, 
and,  indeed,  from  all  the  Mustelida^  in  the  fact  that  they  have  only  the  first 
or  carnassial  molar  on  each  side  of  the  lower  jaw,  the  second  molar  being 
lost.  They  live  largely  upon  Bees  and  other  insects,  and  are  natives  of 
the  Ethiopian  province  and  of  India. 

The  Otters  (Lutrd)  are  distinguished  from  the  other  Mus- 
telida  by  the  fact  that  the  toes  are  webbed,  thus  adapting  the 
animal  for  swimming.  The  body  is  long,  the  legs  short,  and 
the  tail  long,  stout,  and  horizontally  flattened.  The  prsemolars 
and  molars  are  furnished  with  sharp-pointed  cusps  (figs.  522, 
523),  and  the  last  upper  praemolar  (carnassial  tooth)  has  a 
cutting-edge  and  internal  "heel."  The  common  Otter  {Lutra 
vulgaris)  is  a  not  uncommon  British  animal,  living  upon  fish, 
and  frequenting  the  banks  of  streams.  A  closely  allied  form 
is  the  American  Otter  {Lutra  canadensis). 

The   Sea- otters  {Enhydris)  differ  from  the  preceding  in 
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many  points,  and  especially  in  the  disproportionate  size  of  the 
hind  feet,  and  in  their  dentition.  There  are  only  two  lower 
incisors  on  each  side,  instead  of  three,  and  the  upper  camassial 
is  furnished  with  blunt  tubercles,  as  are  all  the  other  back- 


Fig.  522.  —Skull  of  the  Common  Otter  (Luira  vulgaris),  viewed  from  one  side. 
(After  Coues.) 


Fig.  523.— Under  view  of  the  skull  of  the  Common  Otter.    (After  Ones.) 

teeth.     The  only  known  species  of  Enhydris  is  found  on  both 
sides  of  the  North  Pacific,  and  is  greatly  prized  for  its  fur. 

The  typical  group  of  the  Musteiidce  is  that  of  the  Weasels 
and  Pole-cats  and  their  allies,  which  are  mostly  small  Car- 
nivores, with  short  legs,  elongated  worm-like  bodies,  and  a 
peculiar  gliding  mode  of  progression  (hence  the  name  of  "  Ver- 
miform" Camivora  sometimes  applied  to  the  group).  The 
progression  is  semi-plantigrade,  only  part  of  the  soles  of  the 
feet  being  applied  to  the  ground.  Anal  glands  are  always 
present,  and  their  secretion  is  mostly  of  a  highly  offensive 
character.     The  dental  formula  of  Mustela  proper  is — 


3—3         I— I 


4 — 4  I — I 

- — -;    m  = 

4—4  2—2 


=  38. 
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In  the  nearly-allied  genus  Putorius  (fig.  524)  there  is  a  prae- 
molar  less  above  and  below. 

Among  the  best  known  of  the  Mustelida  are  the  common  Weasd 
{Putoritis  vulgaris)^  the  Polecat  {PtUorius  fatidus),  and  the  Ferret 
{Putorius  fur^,  the  last  being  an  albino  variety  (now  permanent)  of  one 


Fig.  524.— Skull  of  the  Polecat  {Putorius  fcttidus), 

of  the  Polecats.  It  is  really  an  African  form,  but  it  has  been  long  do- 
mesticated in  Europe.  Nearly-allied  types  are  the  Ermine  or  Stoat  {Pu- 
tortus  ertnifua)^  and  the  Minks  {P.  vison  and  P.  hUreola)  of  North 
America  and  Europe.  Among  the  species  of  Mustela  proper  may  be 
mentioned  the  Pine-marten  {M.  martes)  and  Stone-marten  {M,foina)  of 
Europe  and  Asia,  the  Pekan  or  "Fisher"  {M,  PennanHi)  of  North 
America,  the  true  Sable  (J/,  zihgllina)  of  northern  Asia,  and  the  American 
Sable  {M.  americana).  The  Mustelida  are  of  commercial  impK)rtance  as 
yielding  beautiful  and  highly-valued  furs,  the  skins  of  the  Sable,  Ermine, 
Black  Mink,  and  Pekan  being  specially  sought  after. 

The  largest  of  the  Mtistelida  is  the  Glutton  or  Wolverene  (Gulo  luscus), 
which  is  a  native  of  the  northern  parts  of  Europe,  Asia,  and  North 
America,  and  is  celebrated  for  its  strength  and  cunning.  Allied  to  this 
are  the  Grisons  (Galictis)  of  South  America. 

Section  2.  Cynoidea.  —  This  section  of  the  Fissipede 
Carnivora  comprises  the  Dogs,  Wolves,  Foxes,  &c.,  charac- 
terised by  their  digitigrade  progression,  non-retractile  claws, 
pointed  muzzles,  and  smooth  tongues.  The  tympanic  bones 
are  developed  into  large  "tympanic  bullae"  (fig.  525,  b.ty\ 
which  are  imperfectly  subdivided  by  an  incomplete  bony  sep- 
tum ;  and  there  is  a  short  external  meatus  auditorius,  external 
to  the  membrana  tympani.  The  intestine  is  furnished  with  a 
large  caecum.  There  are  four  praemolars  and  two  molars  on 
each  side  of  the  upper  jaw,  and  four- praemolars  and  three 
molars  on  each  side  of  the  lower  jaw.  This  section  includes 
only  the  single  family  of  the  Canida^  comprising  the  Dogs, 
Wolves,  Foxes,  and  some  other  less  familiar  forms. 
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The  typical  members  of  the  Canida  (Dogs,  Wolves,  and 
Foxes)  have  the  fore-feet  pentadactylous,  and  the  hind-feet 
tetradactylous,  and  they  all  walk  upon  the  tips  of  the  toes  and 
have  non-retractile  claws.  In  the  characters  of  the  skull  and 
teeth  they  are  intermediate  between  the  Bears  on  the  one 
hand  and  the  Cats  on  the  other  hand.     The  facial  region  of 


Fig  525.— Upper  and  under  views  of  the  skull  of  the  Wolf  (Ca»«  lupus), 
b.ty  Tympanic  bulla. 

the  skull  is  elongated,  to  make  room  for  the  numerous  teeth. 

The  sagittal  crest  (except  in  some  domestic  breeds  of  the  Dog) 

is  well  developed,  and  the  zygomatic  arches  (fig.  525,/)  are 

moderately,  but  not  excessively,  wide.     The  dental  formula 

is — 

.  'I — 3         I — I       .      4 — 4         2 — 2 

/   ^ — ^  :  c  :  ptn  ^ — ? ;  m  =  42. 

3—3         I— I  4—4         3—3 

The  camassial  teeth  (last  upper  praemolar  and  first  lower 
molar)  are  of  large  size,  and  have  cutting-edges.  The  two 
upper  molars  and  the  last  two  lower  molars  have  tuberculate 
crowns  (fig.  526).     The  first  and  second  praemolars  not  un- 
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usually  disappear  in  advanced  life.  As  there  are  only  three 
deciduous  molars  on  each  side  of  each  jaw  in  the  milk-denti- 
tion, the  first  prsemolar  of  the  adult  may  be  regarded  as  a 
permanent  tooth  which  has  no  predecessor. 


Fig.  526.— Dentition  of  the  Wolf  (Coiui  lu^\  /*  Upper  carnassial ; 
ni^  Lower  camassial. 


The  domestic  Dog  {Cams  familiaris)  must  have  come  imder  the  dom- 
inion of  man  in  times  long  anterior  to  written  history.  Few  animals  have 
undergone  more  numerous  or  striking  variations,  and  some  of  the  varieties 
are  of  great  antiquity.  In  all  probability,  the  dog  has  originated  from 
more  than  one  ^^-ild  species  of  Canida.  Some  of  the  larger  breeds  of  the 
Dog  are  closely  allied  to  Wolves.  Osteologically  the  Dog  and  Wolf  are 
practically  identical ;  while  in  both  the  period  of  gestation  is  the  same 
(sixty  to  sixty-seven  days),  and  the  two  interbreed  and  produce  fertile 
offspring.  The  differences  between  such  breeds  of  the  Dog  as  the  Eskimo 
Dog,  or  even  the  Sheep-dog,  and  the  Wolf  are  very  slight.  Thus,  Dogs 
have  a  round  eye,  erect  or  erectile  ears,  and  a  curled-up  tail,  and  express 
their  feelings  by  barking.  On  the  other  hand.  Wolves  have  an  oblique 
eye,  drooping  ears,  and  a  half-scared,  half-sinister  expression,  while  they 
hang  their  tails,  and  howl  instead  of  barking.  Some  of  the  smaller  breeds 
of  the  Dog,  again,  have  probably  descended  from  the  Jackals.  Dogs 
readily  become  "feral,"  in  which  condition  they  often  become  more  or 
less  uniform  in  colour,  and  lose  their  habit  of  barking.  Of  the  many  so- 
called  "Wild  Dogs"  of  the  present  day,  it  is  not  probable  that  any  are 
really  wild  species.  It  is  possible  that  the  **  Dingo"  of  Australia  is  an 
exception  to  this  statement;  but  the  so-called  "native  Dog"  of  New  Zea- 
land has  almost  certainly  been  introduced  by  human  agency  into  this 
region. 
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Of  the  Wolves,  the  common  Wolf  {Cams  lupus)  still  abounds  in  some 
parts  of  Europe,  and  ranges  over  all  Northern  Asia,  while  there  seems 
little  reason  for  doubting  that  the  common  North  American  Wolf  (C.  occi* 
dentalis)  is  only  a  variety  of  it.  Another  variety  is  the  Wolf  of  Palestine ; 
and  the  Wolf  of  India  and  Wolf  of  Thibet  are  nearly  related  forms.  A 
more  completely  distinct  species  is  the  "Coyote"  or  Prairie  Wolf  (C 
latrans)  of  North  America. 

The  Jackals  are  small  Canida  with  a  round  pupil  to  the  eye,  and  a 
slender  pointed  muzzle.  The  Jackals  are  gregarious,  hunt  in  packs,  and 
burrow  in  the  ground.  The  common  Jackal  {Cants  aureus)  is  widely 
distributed  over  Southern  Asia  and  Africa,  and  allied  species,  or  strongly 
marked  varieties,  are  found  in  Africa.  Taking  the  place  of  the  Jackals  in 
South  America  are  the  fox-like  Canis  Azartz  and  C.  cancrivorus. 

The  Foxes  are  distinguished  from  the  other  Canida  by  the  fact  that  the 
pupil  is  vertical  and  slit-like  ;  and  they  are  hence  often  placed  in  the 
separate  genus  Vulpes.  They  have  slender  pointed  muzzles  and  bushy 
tails.  The  common  Fox  ( Vulpes  vulgaris)  is  found  over  most  of  Europe, 
Asia,  and  North  Africa,  and  is  represented  in  North  America  by  tne 
varietal  form  known  as  the  Red  Fox  ( V.  fulvus).  Other  well-known 
Foxes  are  the  Silver  Fox  of  North  America  {V,  virginianus)^  and  the 
**  Fennec  "  {Cants  zerda)  of  Africa. 

One  of  the  most  aberrant  members  of  the  Canida  is  the  curious  Lycaon 
pictus,  or  '*  Hunting  Dog,"  of  South  Africa,  which  agrees  with  the  Dogs  in 
its  dentition  and  osteology,  but  resembles  the  Hyaenas  in  the  fact  that  all 
the  feet  are  tetradactylous.  Other  aberrant  members  of  the  Canida  are 
the  long-eared  Megalotis  Lalandii  of  South  Africa,  and  the  Racoon -dog 
{Nyctereutes  procyonoides)  of  Eastern  Asia. 

Section  3.  ^luroidea. — This  section  of  the  Fissipede 
Camivora  comprises  the  Civet-cats,  the  Hyaenas,  the  Aard- 
wolf,  the  Cryptoprocta,  and  the  Cats,  most  of  which  walk 
on  the  tips  of  the  toes.  For  this  reason  these  forms  have 
often  been  included  with  the  Canida  in  a  single  division, 
under  the  name  of  Digitigrada,  The  claws  are  usually  re- 
tractile, but  are  non-retractile  in  the  Hyaenas.  The  tympanic 
bones  are  expanded  into  large  tympanic  bullae,  and  the  exter- 
nal meatus  auditorius  is  so  short  as  to  be  flush  with  the 
surface  of  the  bulla.  Except  in  the  Hyaenas,  the  bulla  is, 
further,  divided  internally  into  two  nearly  completely  separate 
chambers  by  a  bony  septum.  The  outermost  of  the  two  cham- 
bers thus  produced  is  the  smallest,  and  is  the  true  tympanic 
chamber.  Only  in  the  Viverrida  is  there  more  than  a  single 
molar  on  each  side  of  each  jaw;  the  carnassials  have  cutting- 
edges  j  and  the  intestine  has  a  short  caecum. 

The  Civet-cats  ( Viverrida)  are  all  of  moderate  size,  with 
sharp  muzzles  and  long  tails,  and  mostly  more  or  less  striped, 
or  banded,  or  spotted.  Their  progression  is  semiplantigrade, 
or  sometimes  almost  plantigrade,  and  the  claws  are  semi- 
retractile.  The  facial  region  of  the  skull  is  elongated,  to  make 
room  for  the  lengthy  series  of  teeth.     The  canines  are  not  of 


830 


MANUAL  OF  ZOOLOGY. 


exceptionally  large  size,  and  most  of  the  back  teeth  are  rather 
cuspidate  than  trenchant.  The  two  upper  molars  and  the 
last  lower  molars  are  tuberculate.  The  tongue  is  roughened 
by  homy  papillae,  and  the  pupil  is  vertical  and  slit-like.  The 
dental  formula  of  Viverra  is — 


3—3. 
3-3^ 


I — I 


pm 


4—4. 
4-4' 


m 


=  40. 


The  Civet-cats  are  furnished  with  a  pair  of  anal  glands  which 
produce  an  odorous,  or  malodorous  substance.  All  the  Vtver- 
rida  belong  to  the  Old  World. 


Fig.  527. — Dentition  of  the  Civet-cat  {Viverra  civetta).     The  upper  figure  shows 
the  upper  jaw,  the  lower  figure  gives  the  lower  teeth. 

The  true  Civet-cat  is  the  Viverra  civetta^  a  native  of  Africa.  It  is  a 
small  nocturnal  animal,  which  climbs  trees  with  facility,  and  feeds 
chiefly  upon  small  mammals,  reptiles,  and  birds,  but  also  upon  roots 
and  fruits.  It  furnishes  the  greater  part  of  the  "civet"  of  commerce, 
which  was  formerly  in  great  repute  both  as  a  perfume  and  as  a  medicinal 
agent.  It  is  a  pomade-like  substance,  with  a  strong  musky  odour,  and 
is  secreted  by  a  deep  double  pouch  beneath  the  anus.  Allied  species 
inhabit  the  Oriental  province.  The  Genette  {Viverra  genetta)  is  very 
closely  related  to  the  preceding,  and  is  a  native  of  Africa  and  Southern 
Europe,  being  not  uncommonly  domesticated  and  kept  like  a  cat.  The 
anal  pouch  in  the  Genette  is  much  reduced  in  size,  and  has  hardly  any 
perceptible  secretion.  Another  nearly-allied  form  is  the  Ichneumon  {Her- 
pestes  ichneumon)^  one  species  of  which  is  kept  as  a  domestic  animal  in 
Egypt,  and  lives  upon  Snakes,  Lizards,  the  eggs  of  the  Crocodile,  and 
small  Mammals.  Belonging  also  to  the  genus  Herpestes  is  the  little 
"  Mungoos  "  {H.  griseus)  of  India,  celebrated  for  killing  poisonous  Snakes. 

Among  the  numerous  other  forms  which  are  referred  to  the  Viverrida 
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may  be  mentioned  the  Paradoxurus  of  the  Indian  province ;  the  prehen- 
sile-tailed "Binturongs"  {Arctictis)  of  India,  Sumatra,  and  Java;  the  web- 
footed  Cynogale  of  Borneo;  the  **Mangue"  (CrossarcJtus)  of  Western 
Africa;  and  the  "  Suricate*'  {Jihyzana)  Qi  South  Africa. 

The  curious  little  Cryptoprocta  of  Madagascar,  which  is  still 
imperfectly  known,  is  usually  regarded  as  the  type  of  a  special 
family  {Crypioproctidai),  The  toes  in  Cryptoprocta  are  fur- 
nished with  retractile  claws,  and  the  gait  is  semiplantigrade. 
The  dental  formula  agrees  numerically  with  that  of  the 
Hyaenas — 

3—3         I— I  3—3  I— I     ^ 

Intermediate  between  the  Civet-cats  and  the  Hyaenas  is  the 
curious  Aardwolf  {Froteles  Lalandii)  of  South  Africa,  the  sole 
representative  of  the  family  of  the  Protelida, 

The  Aardwolf  b  a  nocturnal,  burrowing  animal,  about  as  large  as  a  Fox, 
of  a  yellowish -grey  colour,  with  black  stripes  on  the  sides,  the  snout  pro- 
longed, and  the  ears  large  and  pointed.  It  has  five  toes  on  the  fore-feet 
and  four  on  the  hind-feet  (as  in  Dogs),  and  resembles  the  Hyaenas  in  hav- 
ing a  stiff  mane  on  the  neck  and  back.  The  skull  and  teeth  are  of  the 
Viverrine  type. 

The  family  of  the  HyanidcR  includes  only  the  Hyaenas,  all 
of  which  are  confined  to  the  Old  World.  The  Hyaenas  are 
digitigrade,  but  the  claws  are  non-retractile,  and  all  the  feet 
have  only  four  toes  each.  The  tongue  is  rough  and  prickly, 
and  the  pupil  of  the  eye  is  vertical.  The  hind-legs  are  shorter 
than  the  fore-legs,  so  that  the  trunk  sinks  towards  the  hind- 
quarters. The  hair  is  coarse  and  bristly,  with  a  stiff  mane  on 
the  neck;  and  the  tail  is  bushy.  The  head  is  extremely 
broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaws 
extremely  powerful.  The  skull  has  the  sagittal  crest  so 
greatly  developed  as  to  give  it  an  almost  pyramidal  form,  and 
the  zygomatic  arches  are  exceedingly  wide.  All  the  prae- 
molars  and  molars  are  trenchant,  except  the  single  upper 
molar,  which  is  very  small  and  has  a  tuberculate  crown.  The 
camassials  are  of  great  size  (fig.  528),  the  upper  camassial 
(4th  praemolar)  having  a  large  internal  tubercle,  against  which 
the  wholly  trenchant  lower  carnassial  (ist  molar)  bites.  The 
dental  formula  is — 

3—3        I— I  Z—l  I— I 

All  the  known  species  of  Hyaena  are  confined  to  the  warmer  regions  of 
the  Old  World.     The  Striped  Hyaena   (/T.  striata)  is  found  in  North 
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Africa,  Asia  Minor,  Arabia,  and  Persia,  ranging  into  India.  The  Spotted 
Hysena  {H.  crocuta)  occurs  all  over  Africa,  south  of  the  Sahara;  and  the 
Brown  Hyaena  {H,  brunncd)  is  also  found  in  the  south  of  Africa. 

The  last  family  of  the  ^luroidea  is  that  of  the  Felida^  or 
"  Cats,"  in  the  wide  sense  of  the  term ;  comprising  the  Lion, 


Fig.  528. — Dentition  of  the  Spotted  Hyxna,  half  the  natural  size.    The  upper  figure 
gives  the  upper  jaw,  and  the  lower  figure  the  mandible,  on  one  side. 

Tiger,  Jaguar,  Leopard,  Lynxes,  Domestic  Cat,  &c.  All  the 
members  of  this  family  are  completely  digitigrade,  the  soles 
of  the  feet  being  hairy,  and  the  whole  of  the  metacarpus  and 
metatarsus  being  raised  off  the  ground. 

The  legs  are  of  nearly  equal  size,  and  the  hind-feet  have 
only  four  toes  each,  whilst  the  fore-feet  have  five.  All  the 
toes  are  furnished  with  strong,  curved,  retractile  claws,  which, 
when  not  in  use,  are  withdrawn  within  sheaths  by  the  action  of 
elastic  ligaments,  so  as  not  to  be  unnecessarily  blunted.  The 
ungual  phalanges  (fig.  529)  are  strongly  bent  near  their  middle, 
and  the  resistance  of  the  ligaments  which  retract  the  claws  is 
overcome  (when  the  claws  are  to  be  protruded)  by  the  con- 
traction of  the  flexor  profundus  perforans.     All  the  Cats  are 
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exceedingly  light  upon  their  feet,  and  they  all  have  the  habit 
of  seizing  their  prey  by  suddenly  springing  upon  it 

The  skull  of  the  Felida  (fig.  530)  is  remarkable  for  the 
shortening  of  the  facial  region.     Owing  to  this,  and  to  the  great 


Fig.  529.— Bones  and  ligaments  of  the  toe  of  a  Cat,  showing  the  claw  retracted  (A) 
and  protruded  (B).    After  T.  J.  Parker. 

size  of  the  muscles  concerned  in  mastication,  the  head  as- 
sumes a  short  and  rounded  form,  with  an  abbreviated  and 
rounded  muzzle.  The  zygomatic  fossae  are  enormously  ex- 
panded, and  the  sagittal  crest  is  only  less  than  it  is  in  the 
Hyaenas.      The   condyles  of  the  lower  jaw  are  transversely 


Fig.  530.— Side  view  of  the  skull  of  the  Lion  {^Felis  Uo). 

elongated,  and  are  locked  by  ligaments  in  the  glenoid  cavities, 
the  anterior  and  posterior  edges  of  which  project  in  such  a 
way  as  to  entirely  preclude  rotatory  movements.  The  molars 
and  prgemolars  collectively  (fig.  514)  are  fewer  in  number 
than  in  any  other  of  the  Camivora  (hence  the  shortness  of  the 

3G 
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jaws),  and  they  are  all  trenchant,  except  the  single  molar  in 
the  upper  jaw,  which  is  very  small  and  is  tuberculate.  The 
upper  camassial  has  three  lobes,  and  a  blunt  heel  or  internal 
process.  The  lower  camassial  has  two  cutting  lobes,  and  no 
internal  process.    The  dental  formula  is — 

3—3        I— I  2—2'        I— I 

Lastly,  the  tongue  in  the  Felida  is  roughened  and  rendered 
prickly  by  the  presence  of  horny  papillae,  thus  rendering  it  a 
most  efficient  rasp  in  licking  the  flesh  from  the  bones  of  the 
prey ;  and  the  pupil  of  the  eye  is  vertical,  and  contracts  to  a 
line  on  exposure  to  light. 

It  is  questionable  if  any  good  genera  have  hitherto  been 
established  in  this  family,  as  far  as  recent  forms  are.  concerned, 
and  all  the  living  species  may  be  considered  as  belonging  to 
the  single  genus  Pelts.  The  species  of  Felts  are  found  all 
over  the  world,  except  in  Australia,  New  Zealand,  the  Malayan 
Archipelago  east  of  "  Wallace's  line,"  and  the  Antilles. 

The  Lion  {Felis  led)  is  too  well  known  to  require  much  special  notice 
Its  colour  is  always  uniform,  generally  a  yellowish  or  reddish  brown  ;  bai 
the  young  are  spotted.  The  tail  is  terminated  by  a  tuft  of  long  hairs,  and 
the  male  is  usually  furnished  with  a  mane,  which  is  very  short,  however, 
in  an  Indian  variety.  The  Lion  is  exclusively  confined  to  the  Old  World, 
and  is  an  inhabitant  of  Africa  and  the  south- western  parts  of  Asia.  It  is 
doubtful  how  far  any  valid  species  of  Lions  have  as  yet  been  established, 
but  there  are  several  well-marked  varieties.  The  Lion  formerly  enjoyed  a 
considerably  wider  range  than  it  has  at  present ;  and  it  is  probable  that 
the  so-called  "  Cave-lion  "  {Felts  spelaa)  of  the  Pleistocene  period  is  not 
truly  separable  as  a  species  from  the  existing  Felis  leo. 

In  the  Tiger  {Felis  tigris),  the  tail  is  without  a  tuft  of  hairs  at  its  ex- 
tremity, and  the  skin  is  marked  with  stripes  or  spots.  The  Tiger  is  a 
native  of  southern  Asia,  but  occurs  also  in  Java,  Borneo,  and  Sumatra. 
The  skin  is  reddish  yellow,  marked  with  numerous  transverse  black  stripes. 
It  is  a  large  and  powerful  animal,  and,  upon  the  whole,  is  probably  a  more 
dangerous  opponent  than  even  the  Lion. 

Of  the  large  spotted  Cats,  the  largest  is  the  Jaguar  {FeJis  onca),  which 
inhabits  South  America  and  the  southern  parts  of  North  America.  It  is  a 
very  large  and  powerful  animal,  and  it  can  both  swim  and  climb  with 
great  facility.  Another  American  species  is  the  Puma  {Felis  cancal&r),  in 
which  the  colour  is  uniformly  reddish  brown.  It  is  exclusively  confined  to 
America,  ranging  from  Patagonia  to  about  60**  N.  latitude,  and  though  of 
large  size  it  is  a  very  cowardly  animal,  and  is  seldom  Imown  to  attack 
man. 

The  Leopard  or  Panther  {Felis  pardus)  is  another  well-known  species, 
beautifully  spotted,  and  growing  to  a  length  of  seven  feet  inclusive  of  the 
tall.  It  is  found  all  over  Africa  and  Southern  Asia,  and  extends  its  range 
to  Java  and  Japan.  A  nearly  allied  form  is  the  **  Ounce'*  or  **Snow 
Leopard,"  which  lives  at  great  heights  in  the  mountain-ranges  of  Central 
Asia.      Another  allied  form  is  the  Cheetah  or  Hunting  Leopard  {FeUs 
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Ji^aia)  of  southern  Asia  and  Africa,  which  is  often  raised  to  the  rank 
of  a  distinct  genus  under  the  name  of  Cynalurus.  It  has  very  long 
legs,  and  the  claws  are  only  imperfect^  retractile.  Among  the  smaller 
spotted  Cats  may  be  mentioned  the  Ocelot  (F.  partialis) ,  ranging  from 
Mexico  to  Brazil ;  the  Felis  viverrina  of  India,  China,  and  Malacca  ;  and 
the  Colocolo  {F,jferox)  of  Central  America. 

Of  the  smaller  Feli^a,  the  best  known  are  the  Lynxes,  and  the  Cats, 
properly  so  called.  Of  these,  the  Ljmxes  are  distinguished  by  their  short 
tails,  and  by  the  fact  that  the  ears  are  furnished  with  a  pencil  of  hairs. 
They  differ  so  much  from  the  other  Felida  as  to  be  often  placed  in  a  sep- 
arate genus  {Lyncus),  The  best-known '  species  are  the  European  Lynx 
(Fdis  lyncu5\  the  Caracal  (F,  caracal)  of  southern  Asia  and  Africa,  and 
the  Canadian  Lynx  {F,  canadensis)  of  North  America.  In  the  true  Cats 
the  tail  is  long,  and  the  ears  are  not  tufted.  The  Wild  Cat  (Felis  ccttus) 
formerly  abounded  in  Britain,  but  is  now  almost  extinct,  though  it  still 
occurs  in  Europe,  especially  in  the  Harz  and  Carpathian  Mountains.  It 
is  a  large  and  fierce  animal,  and  appears  to  be  quite  a  match  for  any  man 
not  possessing  firearms.  The  domestic  Cat  (Felis  domestica)  does  not  seem 
to  have  descended  from  the  wild  Cat,  and  its  aboriginal  stock  is  unknown. 
Probably  the  various  breeds  of  the  Cat,  like  those  of  the  Dog,  have  really 
been  derived  from  more  than  one  wild  species.  The  Cat  is  known  to 
interbreed  freely,  not  only  with  the  wild  Cat,  but  also  with  several  others 
of  the  smaller  Felida^  among  which  may  be  mentioned  the  Felis  cAaus,  or 
''Jungle-cat,'*  of  India  and  Africa. 


CHAPTER    LXXIL 

/RODENTIA. 

Order  XIII.  Rodentia. — The  thirteenth  order  of  Mammalia 
is  that  of  the  Rodentia^  or  Rodent  Animals,  often  spoken  of  as 
Glires,  comprising  the  Mice,  Rats,  Squirrels,  Rabbits,  Hares, 
Beavers,  &c. 

The  Rodents  are  characterised  by  the  fact  that  the  two 
mesial  incisors  in  both  jaws  are  long  and  curved^  growing  from 
permanent  pulps ^  and  terminating  in  chisel -shaped  points. 
Usually  only  the  mesial  incisors  are  present^  but  a  pair  of  small 
lateral  incisors  may  also  be  developed  in  the  upper  Jaw,  There 
are  no  canines^  and  there  is  a  wide  interval  between  the  incisors  and 
the  molars.  There  are  three  true  molars  on  each  side  of  each  jaw, 
and  the  molars  and  premolars  are  usually  four  or  five  in  number , 
their  crowns  being  transversely  ridged  or  tuberculate.  The  feet 
are  usually  furnished  with  fi^e  toes  each,  all  of  which  are  clawed  ; 
and  the  hallux,  when  present,  rarely  differs  from  the  other  digits. 
The  placenta  is  discoidal  and  deciduate. 

The  orbits  of  the  Rodents  are  not  separated  from  the  tem- 
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poral  fossae,  the  latter  being  very  small;  and  the  frontals 
usually  have  merely  rudimentary  post-orbital  processes.  The 
palate  is  narrow,  and  often  imperfectly  ossified.  The  most 
characteristic  point,  however,  about  the  Rodents  is  to  be  found 
in  the  structure  of  the  incisors,  which  are  adapted  for  contin- 
uous gnawing,  and  which  have  persistent  pulps,  so  that  they 
continue  to  grow  throughout  the  life  of  the  animal.  The  two 
central  incisors  in  both  jaws  are  large,  long,  and  curved,  pris- 
matic in  section,  and  forming  segments  of  a  circle  (fig.  53 1 ). 


Fig.  531. — A,  Side  view  of  the  skull  oiCyncmys  LudoviciaHits\  B,  Molar  teeth 
of  the  upper  jaw  of  the  Beaver  {Castor _ftber).    (AAcr  Giebcl.) 

In  most  of  the  Rodents  {Simplicidentata)  there  are  only  the 
two  median  incisors  in  each  jaw;  but  in  the  Hares  and 
Rabbits  {Duplicidentatd)  there  is  an  additional  pair  of  small 
upper  incisors  placed  behind  the  large  central  pair.  The  from 
face  of  the  incisors  is  covered  by  a  plate  of  hard  enamel,  while 
the  hinder  part  of  the  tooth  is  composed  only  of  the  compar- 
atively soft  dentine,  sometimes  (Duplicidentate  Rodents)  cov- 
ered by  an  exceedingly  thin  layer  of  enamel.  This  being  the 
structure  of  the  incisors,  it  follows  that  when  the  tooth  is  ex- 
posed to  attrition,  the  soft  dentine  behind  wears  away  more 
rapidly  than  the  hard  enamel  in  front.  The  result  of  this  is 
that  the  crown  of  the  tooth  acquires  by  use  a  chisel-like  shape, 
bevelled  away  behind,  and  the  enamel  forms  a  persistent  cut- 
ting-edge. 

The  gnawing  action  of  the  incisors  is  assisted  by  the  articu- 
lation of  the  lower  jaw,  the  condyle  of  which  is  placed  longi- 
tudinally and  not  transversely,  so  that  the  jaw  slides  backwards 
and  forwards.  The  molars,  consequently,  have  flat  crowns 
(fig.  531,  B),  the  enamelled  surfaces  of  which  are  always 
arranged  in  transverse  ridges,  in  opposition  to  the  antero- 
posterior movements  of  the  jaw.     (It  is  convenient  in  the  case 
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of  the  Rodents  to  use  the  term  "  molars  "  for  the  entire  series 
of  the  back  teeth.) 

The  intestine  in  the  Rodents  is  very  long,  and  the  caecum 
voluminous  (rarely  wanting).  The  brain  is  nearly  smooth,  and 
without  convolutions.  The  Rodents  are  almost  all  small 
animals,  and  they  are  mostly  very  prolific.  They  subsist 
principally,  in  many  cases  entirely,  upon  vegetable  matters, 
especially  the  harder  parts  of  plants,  such  as  the  bark,  roots, 
or  seeds.     In  cold  climates  they  generally  hibernate. 

In  space  the  Rodents  have  an  all  but  universal  distribution, 
only  the  oceanic  islands  of  the  Pacific  being  without  indigenous 
forms.  As  regards  their  distribution  in  time^  a  very  large 
number  of  fossil  Rodents  have  been  recognised  as  occurring  in 
Tertiary  and  Post-tertiary  deposits.  The  Rodents  of  the 
Eocene  Tertiary  are  largely  referable  to  extinct  types,  but 
there  are  forms  of  such  living  genera  as  Sdurus  and  Myoxus^ 
while  the  Marmots  are  represented  by  Plesiarctomys,  In  the 
Miocene  and  Pliocene  we  meet  with  representatives  of  the 
Squirrels,  Dormice,  Porcupines,  Calling  Hares,  &c.  Criceiodon 
is  nearly  related  to  the  existing  Hamsters ;  while  Chalicomys 
and  Steneqfiber  represent  the  Beavers.  These  last  are  repre- 
sented in  the  Post-tertiary  deposits  of  Europe  by  Trogontherium^ 
and  in  corresponding  deposits  in  North  America  by  the  huge 
Castoroidesy  which  seems  to  have  been  equal  to  a  bear  in  size. 

In  accordance  •  with  the  number  of  the  incisor  teeth,  the 
Rodents  may  be  divided  into  the  two  divisions  of  the  Simpli- 
cidmtata  and  Duplicidentata,  In  the  former  of  these,  com-: 
prising  all  the  ordinary  Rodents,  there  are  only  two  upper 
incisors.  In  the  latter,  comprising  only  the  Hares  and 
Rabbits  and  the  Calling  Hares,  there  are  two  rudimentary 
upper  incisors  behind  the  large  central  incisors. 

I.    SiMPLICIDENTATA. 

The  Rodents  comprised  in  this  division  have  only  two 
upper  and  two  lower  incisors,  and  these  are  enamelled  in 
front  only.     The  fibula  does  not  articulate  with  the  os  calcis. 

The  Simplicidentate  Rodents  have  been  divided  by  Mr 
Alston  into  the  three  groups  of  the  Sciuromorpha^  Myomorpha^ 
and  Hystricomorphay  collectively  including  a  large  number  of 
families,  only  the  more  important  of  which  can  be  noticed 
here,  and  that  only  in  the  briefest  manner. 

Section  i.  Sciuromorpha.  —  The  Squirrel-like  Rodents 
included  in  this  section  have  complete  clavicles ;  the  fibula  is 
separate  from  the  tibia ;  the  zygomatic  arch  is  formed  by  the 
malar  bone,  unsupported  by  a  process  from  the  maxilla ;  there 
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are  four  lower  "molars,"  and  generally  four  or  five  upper 
molars ;  the  tail  is  generally  hairy,  and  the  upper  lip  is  usually 
cleft  The  two  most  important  families  included  under  this 
head  are  the  Sciurida  (Squirrels  and  Marmots)  and  the  Casto- 
rida  (Beavers). 

In  the  family  of  the  Sciurida  the  molars  are  rooted,  five  in  number  in 
the  upper  jaw  on  each  side  (the  first  being  of\en  deciduous),  and  four  on 
each  side  of  the  lower  jaw ;  their  crowns,  when  unworn,  being  tuberculate. 

The  true  Squirrels  \Sciurus)  are  familiarly  known  in  the  person  of  the 
common  Britisn  species  {Sciurus  vulguris)^  and  the  equally  common  Grey 
Squirrel  {S,  cinereus)  of  the  United  States.  Numerous  species  (about  one 
hundred  in  number)  more  or  less  closelv  allied  to  these  occur  in  other 
countries,  and  they  are  especially  abundant  in  North  America. 

In  the  genera  Pteromys  and  Sciuropterus^  or  **  Flying  Squirrels,"  (here  is 
a  peculiar  modification  by  which  the  animal  can  take  extended  leaps  from 
tree  to  tree.  The  skin,  namely,  extends  in  the  form  of  a  broad  membrane 
between  the  hind  and  fore  le^  and  this  acts  as  a  kind  of  parachute,  sup- 
porting the  animal  in  the  air.  There  is,  however,  no  power  whatever  of 
true  flight,  and  the  structure  is  identically  the  same  as  that  which  we  have 
previously  seen  in  the  Flying  Phalangers  {Fetaurus),  which  take  the  place 
of  the  Flying  Squirrels  on  the  Australian  continent  The  Flying  Squirrels 
are  found  in  southern  Asia,  Polynesia,  the  north-east  of  Europe,  Siberia, 
and  North  America. 

Intermediate  between  the  typical  Squirrels  and  the  Marmots  are  the 
Ground-squirrels  ( Tamias)  of  Europe,  Asia,  and  North  America.  An  ex- 
tremely familiar  example  of  this  genus  in  the  United  States  and  Canada  is 
the  common  Chipmunk  ( T,  striatus). 

The  Marmots  {Arctomys),  unlike  the  true  Squirrels,  are  terrestrial  in 
their  habits,  and  live  in  burrows,  having  short  tails,  thick  bodies,  and  short 
legs.  There  are  numerous  species  of  this  family  inhabiting  various  parts 
of  Europe  and  northern  Asia,  and  generallv  distributed  over  the  whole  6i 
North  America.  Good  examples  are  the  Alpine  Marmot  {A,  marmota)  of 
the  mountain-ranges  of  Central  Europe,  and  the  "Wood-chuck"  \a, 
monax)  and  "Whistler"  {A,  pruinosus)  of  North  America.  Another 
well-known  American  type  is  the  Prairie-dog  {Cyrwmys  ludcviciaMus)^ 
which  lives  in  communities  in.  the  prairies  lying  to  the  east  of  the  Rocky 
Mountains. 

Also  belonging  to  the  present  family  are  the  Pouched  Marmots  {Spenruh 
philus\  whidi  possess  cheek-pouches,  and  are  widely  distributed  over  North 
America,  northern  Europe,  and  northern  Asia. 

The  family  of  the  Castorida  is  represented  only  by  the  Beaver  (Castor 
fiber ^  fig.  532),  distinguished  by  the  possession  of  four  "molars"  on  each 
side  of  each  jaw,  the  hind-feet  being  webbed,  and  the  tail  flattened  and 
scaly.  The  fore-feet  are  smaller  than  the  hind-feet,  and  all  the  feet  are 
furnished  with  five  unguiculate  toes. 

The  Beaver  is  a  large  Rodent,  attaining  a  length  of  from  two  and  a  half 
to  three  feet.  Naturally  it  is  a  social  animal,  living  in  societies,  and  this 
is  still  the  case  in  America,*  but  in  northern  Europe  and  Asia,  where  the 
animal  has  been  much  hunted,  it  usually  leads  a  solitary  life.  When  living 
in  social  communities  the  Beavers  build  dams  across  the  rivers,  as  well  as 


*  The  American  Beaver  is  sometimes  considered  to  be  a  distinct  species 
(Castor  canadensis). 
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habitations  for  themselves,  by  enawing  across  the  branches  of  trees  or 
shrubs,  and  weaving  them  together,  the  whole  being  afterwards  plastered 
with  mud.  There  is  no  doubt  but  that  the  Beaver  shows  extraordinary 
ingenuity  in  these  and  similar  operations  ;  but  there  can  be  equally  little 


Fig.  532.— The  Beaver  {Castor /iber), 

doubt  as  to  the  greatly-exaggerated  stories  which  have  been  set  afloat  in 
this  connection.  The  tail  is  greatly  flattened  and  scaly,  and  the  animal 
gives  the  alarm  by  striking  it  upon  the  water.  The  Beaver  is  hunted 
chiefly  for  the  sake  of  the  skin,  but  also  for  the  substance  known  as  cos- 
toreum.  This  is  a  fatty  substance,  secreted  by  the  preputial  glands,  and 
employed  as  a  therapeutic  agent. 

Section  2.  Myomorpha. — The  Mouse-like  Rodents  in- 
cluded in  this  section  have  generally  complete  clavicles ;  the 
zygoma  is  formed  partly  by  the  malar  bone  and  partly  by  the 
maxilla;  the  tibia  and  fibula  are  more  or  less  extensively 
anchylosed  with  one  another ;  there  are  usually  three  molars 
on  each  side  of  each  jaw;  the  tail  is  often  scaly;  and  the 
upper  lip  is  usually  cleft.  The  principal  families  included  in 
this  section  are  those  of  the  Myoxida  (Dormice),  Murida 
(Mice  and  Rats),  Spalacida  (Mole-rats),  Gcomytda  (Pouched 
Rats),  and  Dipodida  (Jerboas). 

The  family  of  the  Myoxida  includes  the  familiar  little  Rodents  known 
as  "Dormice,"  which  are  in  many  respects  intermediate  between  the 
Mice  and  the  Squirrels.  The  ''molars"  in  this  family  have  roots,  and 
are  four  in  number  on  each  side ;  the  tail  is  long  and  hairy  ;  the  poUex  is 
rudimentary ;  and  the  hind-feet  are  five-toed.  The  intestine  is  destitute 
of  a  caecum.  The  known  species,  to  the  number  of  about  a  dozen,  are  all 
confined  to  the  Old  World ;  and  the  graceful  little  Myoxus  avellanarius 
is  found  in  Britain. 

The  family  of  the  Murida  is  an  extremely  large  one,  and  includes  the 
Rats,  Mice,  Hamsters,  Voles,  Lemmings,  &c.  In  this  family  the  tail  is 
long,  always  thinly  haired,  often  naked  and  scaly.  The  lower  incisors  are 
compressed  and  pointed ;  and  the  molars  are  rootless,  usually  three  in 
number  on  each  side,  rarely  two  in  the  lower  jaw,  or  in  both,  or  four  in 
both.    The  pollex  is  rudimentary,  and  the  hind-feet  are  five-tood. 
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The  Murida  are  distributed  over  almost  the  whole  world,  except  the 
islands  of  the  Pacific,  about  three  hundred  living  species  being  known^ 
and  some  of  the  species  (such  as  the  Brown  Rat  and  Common  Mouse)  are 
similarly  cosmopolitan  in  their  range. 

The  Black  Rat  {,Mus  rattus)^  Brown  Rat  {M.  decumanus\  Common 
Mouse  {,M,  musculus),  Field-mouse  {Af,  sy/va/uus)^  and  Harvest-mouse 
{Af.  minuius)  are  familiar  European  examples  of  the  type-genus  Afus. 
The  first  three  of  these  are  equally  common  in  America,  but  are  not  in- 
digenous there.  Most  of  the  indigenous  Mice  of  North  America  belong 
to  the  genus  Hesperomys, 

The  Hamsters  {Cricetus)  differ  from  the  Mice  and  Rats  principally  in 
the  possession  of  cheek-pouches  opening  into  the  mouth.  They  are  con- 
fined to  the  Old  World,  a  well-known  European  species  being  the  Criceius 
frumentarius. 

The  Gerbilles  {Gerbillus)  are  separated  from  the  true  Mice  by  the  great 
length  of  the  hind  limbs,  which  are  adapted  for  jumping.  They  live  in 
Africa,  the  south-east  of  Europe,  and  southern  Asia. 

The  Voles  {Arvuola)  are  mostly  rat-like  in  form,  with  a  moderately 
hairy  tail  and  short  ears.  They  have  the  molars  comp>osed  of  alternating 
triangular  prisms  (fig.  533).     Of  the  genus  Arvicola  itself  about  fifty  species 
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Fig*  533.— Molar  teeth  of  the  Water-rat  {Arvicola  ampkibiui). 

are  known,  the  two  most  familiar  of  the  three  British  species  being  the  Water- 
rat  {A.  amphibius)^  which  ranges  from  western  Europe  to  China,  and  the 
Field  Vole  {A.  agresHs), 

Allied  to  the  preceding  is  the  Musquash  or  Ondatra  {Fiber  zibdhicus)  of 
North  America,  which  leads  a  semi-aquatic  life,  and  has  the  tail  com- 
pressed and  the  hind-feet  partially  webbed.  From  its  possession  of  glands 
producing  a  musky  secretion,  it  is  often  called  the  '*  Musk-rat.'' 

One  of  the  most  interesting  of  the  Murida  is  the  Lemming  {Myodes  Urn- 
fnus)f  which  inhabits  the  mountainous  parts  of  Scandinavia.  It  is  chieflv 
remarkable  for  migrating  at  certain  periods,  generally  towards  the  approach 
of  winter,  in  immense  multitudes  and  in  a  straight  line,  apparently  in 
obedjence  to  some  blind  mechanical  impulse.  In  these  journeys  the  Lem- 
mings march  in  parallel  columns,  and  nothing  will  induce  them  to  deviate 
from  the  straight  line  of  march,  the  migration  always  terminating  in  the 
sea,  and  ending  in  the  drowning  of  all  that  have  survived  the  journey. 

The  family  GeomyidcE  comprises  the  so-called  Pouched  Rats  and  Gophers 
of  North  America,  distinguished  by  the  possession  of  a  pair  of  extraordinaiy 
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pouches,  which  differ  from  ordinanr  cheek-pouches  in  opening  outside  the 
mouth,  and  in  being  lined  with  a  nne  fur,  and  which  are  apparently  used 
for  carrying  provender.  Some  of  the  members  of  this  family  {Geomys  and 
Thorrtomy5)hzyc  the  fore-feet  greatly  developed  and  adapted  for  burrowing; 
whilst  the  so-called  *' Kangaroo-rats  "  (Z>i]^<w/yj)  have  very  long  hind- 
limbs,  and  the  fore-limbs  are  not  specially  developed.  One  of  the  best- 
known  species  of  this  family  is  the  common  Pocket-gopher  {Geomys  bur' 
sartus)  of  the  Mississippi  Valley  and  Canada. 

Nearly  related  to  the  Gophers  of  North  America  are  the  Mole-rats 
{Spalacida)  of  the  Old  World.  These  have  a  thick  body,  a  broad  flat 
head,  short  legs,  the  tail  rudimentary  or  absent  (fig.   534),  the  molars 


Fig-  534 —The  Mole-rat  (S/a/ax  typhlus). 


rooted,  and  the  feet  pentadactylous.  They  do  not  possess  the  peculiar 
external  food-pouches  of  the  preceding  group.  The  ears  are  very  small, 
and  may  be  wanting  ;  and  the  eyes  are  very  minute,  and  may  be  covered 
by  the  skin,  so  as  to  be  functionally  useless.  The  Mole-rats  are  all  bur- 
rowing animals,  living  upon  vegetable  substances.  The  true  Mole-rat 
{Spalax  typhluSy  fig.  534)  inhabits  Eastern  Europe  and  South-western 
Asia,  and  is  quite  blind.  Georychus  and  Bathyergus  are  African  forms  of 
this  group. 

The  last  family  of  the  Myomorph  Rodents  which  needs  notice  here  is 
that  of  the  Dipodida  or  Jerboas,  mainly  characterised  by  the  dispropor- 
tionate length  of  the  hind-limbs  as  compared  with  the  fore-limbs.  The 
tail  also  is  long  and  hairy,  and  there  are  complete  clavicles.     The  Jerboas 


842  MANUAL  OF  ZOOLOGY. 

live  in  troops,  and  owing  to  the  great  length  of  the  hind-legs,  they  can 
leap  with  great  activity  and  to  great  distances.  They  are  all  of  small  size, 
and  inhabit  Russia,  North  Afnca,  and  North  America.  The  best-known 
members  of  this  family  are  the  common  Jerboas  {Difms  agypHams)  of 
Africa  and  South-western  Asia,  which  live  in  societies  and  construct 
burrows;  he  Jumping  Hare  {Pedetes  capensis)  of  South  Africa;  and  the 
Jumping  Mouse  {Zapus  htidsonicus)  of  North  America. 

Section  3.  Hystricomorpha. — The  section  of  the  Por- 
cupine-like Rodents  is  characterised  by  having  the  zygomatic 
arch  formed  by  a  stout  malar  bone,  unsupported  by  the 
maxilla ;  the  clavicles  are  complete  or  incomplete ;  the  fibula 
is  distinct  from  the  tibia ;  there  are  four  molars  on  each  side 
in  each  jaw  (reduced  to  three  in  a  species  of  Ctenodactylus) ; 
and  the  upper  lip  is  usually  not  cleft.  The  principal  families 
included  in  this  section  are  those  of  the  Octodantida  (Spiny 
Rats,  &c.),  the  Jfystricida  (Porcupines),  the  ChinchUlida 
(Chinchillas,  &c.),  the  Dasyproctida  (Agoutis  and  Pacas),  and 
the  Caviida  (Cavies  and  Guinea-pigs). 

The  family  of  the  Octodontida  includes  a  large  number  of  Rodents 
which  are  principally  South  American  and  African  {Octodon,  Echimys^ 
CtencmySf  &c.)  A  well-known  species  is  the  beaver-like  Coypu  {Myopot- 
amus  ccypus)  of  South  America,  in  which  the  hind-feet  are  webbed,  and 
the  tail  is  long  and  rounded.  It  inhabits  burrows  in  the  sides  of  streams^ 
and  it  leads  a  semi-aquatic  life.  Among  the  other  Octodontida,  the  species 
of  Octodon  live  in  South  America,  and  are  rat-like  Rodents,  with  short 
tufted  tails,  the  molars  being,  typically,  of  a  simple  type.  In  Ctenomys^ 
also  South  American,  the  toes  of  the  hind-feet  carry  laterally  a  sort  of 
comb  of  bristles.  The  Spiny  Rats  {Echimys)  are  found  in  the  West 
Indies  and  in  Africa,  and  have  the  hair  mixed  with  fine  spines,  while 
the  molars  have  complicated  enamel  •  folds.  Petromys  is  an  African 
type. 

In  the  family  of  i\i&  Ilystricida  are  the  well-known  "Porcupines," 
characterised  by  the  fact  that  the  body  is  always  more  or  less  extensively 
furnished  with  longer  or  shorter  hollow  spines  or  prickles.  The  true 
Porcupines  {Hysirix)  have  non-prehensile  tails,  generally  long  spines,  and 
imperfect  clavicles.  They  are  terrestrial  in  their  habits,  and  are  well 
exemplified  by  the  common  Porcupine  {H.  cristata\  .which  inhabits 
Southern  Europe  and  North  Africa.  It  is  a  burrowing  nocturnal  animaL 
Other  species  inhabit  Southern  Asia  and  India.  In  the  allied  genus 
Atherura  the  tail  is  elongated  and  scaly,  and  is  terminated  by  a  bundle  of 
flattened  bristles.  The  known  species  of  this  genus  inhabit  Siam  and 
Malacca,  and  western  Africa. 

The  American  Porcupines  or  Tree-porcupines  differ  from  the  preceding 
in  being  adapted  for  an  arboreal  life,  having  complete  clavicles.  The 
tail  may  or  may  not  be  prehensile.  The  genus  Sfkingurus  (Cer€oiab€s) 
is  wholly  restricted  to  the  Neotropical  region,  and  is  characterised  by  the 
fact  that  the  tail  is  prehensile.  The  genus  Erethizon  differs  from  the 
preceding  in  the  fact  that  the  tail  is  non-prehensile.  It  is  represented  by 
the  well-known  Canada  Porcupine  {E,  dorsa/um),  in  which  the  quills  are 
short  and  half  hidden  in  the  hair. 

The  family  of  the  ChinchiUida  is  exclusively  South  American,  and  com- 
prises only  the  Chinchillas  and  Viscachas — small  nocturnal  animals  which 
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are  strictly  terrestrial  in  their  habits,  and  have  the  hind-legs  longer  than 
the  fore-1^.  The  incisors  are  short,  and  the  molars  rootless.  The  true 
Chinchillas  {Lagidium)  are  sc^uirrel-like,  with  an  exceedingly  soft  fur. 
They  live  in  the  Andes,  extending  up  to  an  elevation  of  16,000  feet.  The 
Viscacha  {Lagostomus  trichodactylus)  is  more  like  a  Marmot  in  appearance, 
and  inhabits  the  great  plains  of  southern  South  America,  living  m  burrows 
in  the  ground. 

In  the  family  of  the  DasyprocHda  are  the  Agoutis  and  Pacas,  character- 
ised by  having  long  incbors,  molars  at  first  rootless,  but  afterwards  rooted, 
rudimentary  clavicles,  and  five-toed  fore-feet.  The  Agouti  {Dasyprocta 
aguiif  fig.  535)  is  found  in  Guiana,  Brazil,  and  Peru.  Its  fore-feet  are 
five-toed,  but  the  hind-feet  have  only  three  toes.  Other  species  of  Dasy- 
procta  inhabit  South  America  and  the  West  Indian  islands. 


^--^^-^r 


Fig*  535.— The  Agouti  {Dasy^rvcia  a£uti). 


The  Paca  {Calogmys paca)  has  five  toes  on  both  the  hind  and  fore  feet. 
It  has  the  zygomatic  arches  enormously  inflated,  the  maxillary  portion 
being  hollowed  out  into  chambers  which  are  lined  by  mucous  membrane, 
and  open  into  the  mouth,  and  the  use  of  which  is  quite  unknown.  It  in- 
habits Central  and  South  America. 

In  the  familv  of  the  Caviida,  the  tail  is  rudimentary;  the  incisors  are 
short ;  the  back  teeth  are  rootless ;  the  clavicles  are  rudimentary  or  want- 
ing ;  the  feet  are,  typically,  three-toed,  and  the  claws  are  in  the  form  of 
hoof-like  nails.     They  are  all  South  American.    The  Capybara  (HydrO' 
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charus  capybara)  is  the  largest  of  living  Rodents,  attaining  a  length  of 
three  or  four  feet.  It  leads  a  semi-aquatic  life,  and  has  the  feet  incom- 
pletely webbed.  The  Cavia  aperea  has  short  legs  and  ears,  and  is  be- 
lieved to  be  the  parent  stock  of  the  domesticated  Guinea-pigs ;  while  other 
species  of  Cavy  are  also  found  in  South  America. 

II.    DUPLICIDENTATA. 

In  the  section  of  the  Duplicidentate  Rodents,  including 
only  the  Hares,  Rabbits,  and  Calling  Hares,  there  are  only 
two  lower  incisors,  but  there  are  four  upper  incisors.  The 
two  median  upper  incisors  are,  as  in  Rodents  generally,  the 
functional  incisors,  but  behind  these  are  two  small  and  func- 
tionally useless  lateral  incisors.  At  birth  there  is  the  full 
number  of  upper  incisors — viz.,  three  on  each  side  of  the  jaw 
— but  the  outermost  pair  disappear  immediately.  Not  only  are 
the  Duplicidentate  Rodents  distinguished  by  having  an  extra 
pair  of  upper  incisors,  as  compared  with  the  Simplicidentate 
forms,  but  the  incisors  have  a  complete  covering  of  enamel, 
which,  however,  is  exceedingly  thin  upon  the  lateral  and 
posterior  aspects  of  the  tooth.  An  additional  character  of 
this  section  is  that  the  fibula  always  articulates  with  the 
OS  calcis. 

The  family  of  the  Lfporida  includes  the  Hares  and  Rabbits,  distin- 
guished by  the  disproportionate  length  of  hind -legs  as  compared  with  the 
fore-legs,  the  latter  having  five  digits,  while  the  former  are  tetradactylous. 
The  clavicles  are  imperfect.  The  orbits  communicate  from  side  to  side,  by 
the  confluence  of  the  optic  foramina.  The  tail  is  short  and  erect.  The 
dental  formula  is — 

.2-2       ^0-03-3.     ^3-3  =  28. 
I— I  0—0'   ^       2—2'  3—3 

The  common  Hare  (Lepus  europaus)  ranges  over  the  whole  of  Europe, 
with  the  exception  of  Northern  Scandinavia.  Its  place  in  this  latter 
country  is  taken  by  the  Mountain  Hare  {Lepus  iimidus  or  Z.  variabilis)^ 
which  becomes  white  in  winter.  This  species  also  occurs  in  Scotland  and 
in  Iceland,  and  the  Lepus  glatialis  of  the  Arctic  regions  seems  to  be  only 
a  variety  of  it  Of  the  American  Hares  the  commonest  is  the  Lepus 
americanuSf  which  ranges  from  the  barren  grounds  in  the  north  to  New 
Mexico  in  the  south,  and  also  turns  white  in  winter.  The  Rabbit  (Z.. 
cuniculus)  appears  to  have  been  originally  a  native  of  Mediterranean 
region,  but  has  become  naturalised  over  a  large  part  of  Europe. 

The  family  LagomydiE  includes  only  the  Calling  Hares  or  Pikas  {Lag- 
omys\  which  differ  from  the  true  Hares  in  having  legs  of  nearly  equal 
length,  no  visible  tail,  and  short  ears,  thus  resembling  Guinea-pigs  in 
aspect.  They  have  only  five  back  teeth  on  each  side  of  the  upper  jaw 
(instead  of  six);  and  the  clavicles  are  complete.  The  Calling  Hares 
inhabit  Russia  and  the  whole  of  Northern  Asia,  and  a  single  species  occurs 
in  the  Rocky  Mountains. 
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CHAPTER    LXXIII. 

CHEIROPTERA. 

Order  XIV.  Cheiroptera. — This  order  is  an  extremely 
natural  one,  and  includes  only  the  Bats.  The  anterior  limbs 
are  longer  than  the  posterior^  and  the  digits  of  the  manuSy  with 
the  exception  of  the  pollex^  are  greatly  elongated^  and  are  united 
by  an  expanded  fold  of  the  skin,  or  ^^  patagiuniy^  which  extends 
from  the  fore-limbs  to  the  hind-limbs  and  sides  of  the  body^  and  is 
used  in  flight.  The  three  outermost  digits  of  the  hand,  and  gen- 
erally  the  index  also,  are  clawless.  The  clavicles  are  complete  ; 
the  sternum  is  keeled;  and  the  ulna  and  fibula  are  rudimentary. 
There  are  two  mammary  glands,  and  these  are  pectoral  in  posi- 
tion.    The  placenta  is  discoidal. 

The  Cheiroptera  are  essentially  distinguished  from  all  the 
other  Mammals  by  their  possession  of  the  power  of  flight  The 
apparatus  of  flight  in  the  Bats  consists  of  a  "  patagium,"  or  flying 
membrane,  in  the  form  of  a  fold  of  the  skin  which  is  supported 
upon  the  much-elongated  four  outer  digits  of  the  manus  (fig. 
536),  and  is  prolonged  from  the  hand  and  arm  to  the  side  of 


Fig.  536.— Skeleton  and  outline  of  Bat  {Pkyllostoma  hastatutn).    d\  Thumb ;  d^  Fore- 
finger;  dz  Middle  finger;  sc  Scapula ;  cl  Clavicle  ;/ Femur ;  /  Tibia ;  d  Toes. 

the  body  and  hind-limb,  very  often  passing  between  the  hind- 
limbs,  so  as  to  form  an  "  inter-femoral  membrane  "  in  which  the 
tail  may  be  included.     The  patagium  is  hairless  or  nearly  so. 

The  bones  in  the  Bats  are  not  pneumatic.     The  orbits  are 
not  separated  from  the  temporal  fossae.     The  praemaxillae  are 
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small  or  rudimentary.  The  cervical  vertebrae  are  of  unusual 
size  ;  and  the  caudal  region  of  the  spine  may  be  well  devel- 
oped, or  may  be  rudimentary.     Teeth  of  three  kinds  are  always 


Fig.  537'— Skeleton  of  the  Mouse-coloured  Bat  ( Vespertilio  murinusy 


Humerus; 
icapula ;  d  Radius,  with  the  rudimentary  ulna  at  its  proximal  end ;  e  Carpus ; 
/Thumb;  gg  Metacarpal  bones;  **  Sternum;  /  Pelvis;  i  Supplementary  booc 
attached  to  the  calcaneum. 


present  in  the  dentition,  and  the  canines  are  alwa)rs  well  de- 
veloped (fig.  538).  The  molars  are  tuberculate  or  grooved  in 
the  frugivorous  Bats,  and  are  cuspidate  in  the  insectivorous 
species. 

The  most  striking  features  in  the  structure  of  the  Char- 
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opfera  are,  howerery  those  connected  with  the  conformation  of 
the  limbs  (fig.  537).  The  fore^limb  is  larger  than  the  hind- 
limb,  the  strong  and  moderately  long  humerus  articulating 
with  a  very  large  scapula.  The  clavicles  are  complete,  and 
the  sternum  is  keeled.  The  radius  is  long  and  well  developed, 
but  the  ulna  is  reduced  to  a  mere  splint-bone,  which  is  anchy- 
losed  with  the  proximal  end  of  the  radius,  all  power  of  rotation 
of  the  fore-arm  being  thus  lost.  The  thumb  is  short,  and  its 
last  phalanx  carries  a  claw.  The  index  is  long,  but  is  shorter 
than  the  other  digits,  and  often  consists  of  its  metacarpal  only, 
in  other  cases  with  two  short  phalanges  in  addition.  It  is 
usually  clawless,  but  may  (as  in  most  of  the  Pieropodida)  be 
unguiculate.  Of  the  remaining  digits  the  medius  is  the  longest ; 
and  all  are  clawless,  and  possess  two  or  three  phalanges. 

In  the  hind-limb,  the  fibula  is  incomplete,  and  the  foot  is 
furnished  with  five  clawed  toes.  To  the  os  calcis  is  attached, 
in  most  Bats,  a  cartilaginous  or  bony  process  or  spur,  which 
is  directed  inwards  along  the  lower  margin  of  the  inter-femoral 
membrane,  and  serves  to  put  this  upon  the  stretch  during 
flight. 

The  Bats  are  all  crepuscular  and  nocturnal  in  their  habits, 
and  are  sometimes  carnivorous,  sometimes  frugivorous.  The 
eyes  are  small,  but  the  ears  are  very  large,  and  the  sense  of 
touch  is  most  acute.  During  the  day  they  retire  to  caves  or 
crevices  amongst  the  rocks,  where  they  suspend  themselves  by 
means  of  the  hind-feet,  which  are  provided  with  curved  claws. 
In  their  flight,  though  they  can  fly  in  the  genuine  and  proper 
sense  of  the  term,  and  can  turn  with  great  ease,  they  are  by 
no  means  as  rapid  and  as  active  as  are  the  Birds.  Upon 
the  ground  they  progress  with  some  difficulty,  dragging  them- 
selves along  by  means  of  the  hooked  thumbs.  In  temperate 
or  cold  regions  the  Bats  hibernate. 

As  regards  their  distribution  in  space^  the  Bats  may  be  said 
to  have  a  cosmopolitan  range.  About  four  hundred  species 
are  known,  and  the  largest  number  of  these  are  found  within 
the  tropics.  The  Fox-bats  {Fteropodida)  are  characteristic  of 
Australia  and  of  the  warm  regions  of  the  Old  World,  but  do 
not  occur  in  North  or  South  America.  The  Horse-shoe  Bats 
{RhinolophidtB)  are  also  totally  wanting  in  the  New  World. 
On  the  other  hand,  the  Vampire  Bats  {Phyllostomida)  are 
wholly  confined  to  the  New  World,  and,  with  the  exception  of 
a  single  species,  are  restricted  to  the  Neotropical  province. 

As  regards  their  distribution  in  time,  the  Cheiroptera  date 
from  the  Upper  Eocene,  but  the  fossil  forms  present  no  points 
of  special  interest 
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The  order  Cheiroptera  may  be  divided  into  the  two  sections 
or  sub-orders  of  the  Megacheiroptera,  or  Fruit-eating  Bats,  and 
the  Microcheiroptera,  or  Insect-eating  Bats. 

Megacheiroptera. 

Sub -ORDER  L  Megacheiroptera  (Frugivora).  —  This 
section  comprises  comparatively  large  forms  of  the  Bats, 
which  •  are  essentially  frugivorous,  and  in  which  the  molars 
are  marked  with  a  median  longitudinal  groove.  As  an  almost 
universal  rule,  the  index  digit  of  the  manus  is  furnished  with 
a  claw.  The  tail  is  rudimentary,  and  the  nose  is  not  furnished 
with  leaf-like  appendages. 

This  section  includes  only  the  single  family  of  the  Pteropo- 
didce  (Fox-bats),  all  the  species  of  which  are  confined  to 
Australia  and  to  the  warmer  parts  of  the  Old  World. 

The  "Fox-bats "or  "Flying  Foxes"  are  so  called  from  the  long  and 
p>ointed  muzzle,  which  gives  them  somewhat  the  appearance  of  a  fox  as 
regards  the  head.  The  ears  in  these  Bats  are  simple  and  of  moderate  size, 
and   the  nose   is  not  disfigured  by  membranous  appendages  (fig.   538). 


fig.  53S.— Head  of  Pteropusjubatus^  of  the  natural  size. 

Though  essentially  frugivorous,  the  Fox- bats  possess  pointed  canines,  and 
do  not  altogether  refuse  to  eat  small  animals.  Their  principal  food,  how- 
ever, consists  of  fruits,  and,  in  accordance  with  this,  the  molars  are  tubcr- 
culate  or  grooved,  and  the  intestine  is  of  considerable  comparative  length. 
Not  only  is  the  pollex  clawed,  but  the  index,  with  hardly  an  exception, 
is  so  also.  The  tail  is  rudimentary  or  wanting,  and  the  inter-femoral  mem- 
brane is  much  reduced  in  size.  About  seventy  species  of  Fruit -bats  are 
known,  the  principal  genus  being  Pteropus  itself.  They  are  the  largest  of 
the  Bats,  the  Kalong  {Pterofnis  edulis)  attaining  a  length  of  four  feet  or 
more  from  the  tip  of  one  wing  to  that  of  the  other. 
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Sub-order  II.  Microcheiroptera  (Insectivora). — This 
section  of  the  Cheiroptera  comprises  insect-eating  or  blood- 
sucking Bats,  in  which  the  molar  teeth  are  furnished  with 
sharp  cusps.  The  index-finger  of  the  manus  is  never  clawed, 
and  the  tail  is  of  considerable  length.  Very  often  the  nostrils 
are  surrounded  by  membranous,  leaf-like  processes.  This  sec- 
tion is  divided  by  Mr  Dobson  into  the  five  families  of  the 
Rhinolophidce  (Horse-shoe  Bats),  Nycterida,  Vespertilionidce^ 
Emballonuridce^  and  Phyllostomidce  (Vampire  Bats),  the  char- 
acters of  which  are  briefly  given  below. 

Fam.  I.  Rhinolophida, — This  family  includes  the  **  Horse-shoe  Bats," 
so  called  from  the  possession  of  foliaceous  or  membranous  expansions  of 
the  skin  which  surround  the  nostrils.  There  is  only  a  single  upper  incisor 
and  two  lower  incisors  on  each  side.  The  ears  are  large,  but  have  no 
tragus  or  "earlet."  The  Horse-shoe  Bats  are  entirely  confined  to  the  Old 
World,  and  are  all  of  small  size.  The  principal  genus  is  Rhinolophus 
itself,  of  which  there  are  two  British  species  —  the  greater  and  lesser 
Horse  -  shoe  Bats  {^R.  ferrufu- 
equinum)  and  {R.  hipposideros). 

Fam.  2.  Nycterida.  —  The 
small  group  of  Bats  included 
under  this  head  is  nearly  related 
to  the  preceding,  as  shown  by 
their  possession  of  similar  leaf- 
like nasal  appendages.  The 
ears,  however,  are  of  exception- 
ally large  size,  more  or  less 
united  with  one  another  along 
their  inner  margins  (fig.  539), 
and  having  the  tragus  developed 
so  as  to  form  an  '*  earlet."  The 
middle  digit  of  the  hand  pos- 
sesses two  phalanges. 

The  Bats  of  this  family  are 
inhabitants  of  the  warmer  parts 
of  the  Old  World  (India  and 
Africa  principally),  the  chief 
genus  being  Megaderma. 

Fam.  3.  Vespertilionida.  — 
This  family  includes  a  large 
number  (about  one  hundred  and 
sixty  species)  of  small  insec- 
tivorous Bats,  which  may  be 
regarded  as  the  most  typical  members  of  the  order  Cheiroptera,  In  their 
dentition  they  nearly  approach  the  order  of  the  Insectivorous  Mammals, 
the  molar  teeth  being  furnished  with  small  pointed  eminences  or  cusps, 
adapted  for  crushing  insects,  and  the  incisors  being  of  small  size.  The 
nose  is  not  furnished  with  leaf-like  appendages,  and  the  tail  is  elongated, 
and  enclosed  in  a  large  inter-femoral  membrane  (fig.  540).     The  species  of 

3H 


Fig.  539' — Head  of  Mtgaderma  frons^  showing 
tne  leaf-like  nasal  appendages  and  the  large 
and  partially  united  ears,  with  their  internal 
earlets. 


8so 


MANUAL  OF  ZOOLOGY. 


this  family  are  generally  distributed  over  the  temperate  and  warm  regions 
of  both  the  Old  and  New  Worlds.  About  fifteen  species  of  this  family  have 
been  described  as  British,  but  of  these  only  two  are  at  all  common.     Of 


Fig.  540.— AVj/^-Z/V/V?  discolor,  one-half  the  natural  siie. 

these,  the  Pipistrelle  ( Vesperugo  pipistrellus)  is  the  commonest,  occurrii^ 
over  the  whole  of  Britain.  The  Long-eared  Bat  {PUcotus  auritus)  b  also 
not  uncommon,  and  is  distinguished  by  its  greatly  elongated  ears,  which 

are  confluent  above  the 
forehead.  The  largest  Brit- 
ish species  is  the  Noctule 
( Vesperugo  tufcfu/a),  which 
measures  as  much  as  fifteen 
inches  in  expanse  of  wing. 
Juim.  4.  EmhalUmurida. 
— The  Bats  included  in  this 
group  have  thick  legs,  with 
the  fibula  better  developed 
than  usual.  The  nose  is 
almost  always  wholly  des- 
titute of  leaf-like  append- 
ages. The  tail  is  included 
in  the  inter-femoral  mem- 
brane towards  its  base,  but 
it  perforates  this  mem- 
brane at  or  about  its  mid- 
dle, and  generally  exhibits 
a  longer  or  shorter  free 
terminal  portion.  The  members  of  this  family  are  all  insectivorous,  and 
they  are  mostly  inhabitants  of  the  warmer  regions  of  both  the  Old  and 
New  Worlds. 


Fig.  541.— Skull  of  the  Javelin  '^zx{Phyllostomaktu- 
fatufft),  showing  the  large  canines  and  cuspidate 
molars. 
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Fam.  5.  PhyllostomieUE, — This  family  includes  the  so-called  "  Vampire 
Bats,"  and  is  wholly  confined  to  the  New  World,  being,  with  the  exception 
of  a  Californian  species,  entirely  restricted  to  South  America,  Central 
America,  Mexico,  and  the  West  Indies.  The  nose  is  furnished  m  the 
Bats  of  this  family  with  leaf-like  appendages,  which,  however,  are  some- 
times rudimentary ;  and  the  middle  finger  of  the  hand  possesses  three 
phalanges  (instead  of  two  as  in  Bats  generally).  The  prsemaxillse  are  well 
developed,  and  the  canines  are  of  large  size  and  pointed  (fig.  541).  Some  of 
the  Phyllosiomtda  are  insect-eaters,  and  others  live  on  fruits  ;  but  some  of 
them  have  the  habit  of  sucking  the  blood  of  sleeping  animals,  occasionally 
attacking  man  himself.  This  habit  has  been  ascribed  to  the  great  Javelin 
Bat  {Phyllostoma  hastaium,  fig.  541) ;  and  there  can  be  no  doubt  as  to  the 
correctness  of  this  charge  in  the  case  of  the  extraordinary  genus  Desmodus^ 
in  which  the  adult  has  only  two  upper  incisors,  which  are  of  exceedingly 
large  size  and  sharp-edged,  and  are  used  for  making  an  incision  in  the  skin 
from  which  the  blood  may  be  sucked.  The  great  Javelin  Bat  has  an  ex- 
panse of  wing  of  nearly  two  feet,  and  some  of  the  other  members  of  this 
family  are  nearly  as  large. 


CHAPTER    LXXIV. 


INSECTIVORA. 


Order  XV.  Insectivora. — This  order  comprises  a  number 
of  small  Mammals  which  are  very  similar  to  the  Rodents  in 
many  respects,  but  want  the  peculiar  incisors  of  that  order, 
and  are  likewise  almost  always  furnished  with  clavicles. 

In  the  Insectivora^  all  ike  three  kinds  of  teeth  are  usually 
present^  but  the  exact  nature  of  tke  dentition  varies  considerably 
in  different  cases.  The 
canines  are  rarely  larger 
than  the  incisors,  and  the 
molars  (fig.  $^2)  are  al- 
ways serrated  witk  nu- 
merous small  pointed  em- 
inences or  cusps,  adapted 
for  crushing  insects.  With 
one  exception  {Potamo- 
gale),  clavicles  are  always 

present    in    a    complete      \v^^^  ^ — 1__--^ 

form.  All  the  feet  are 
usually  fumisked  with 
five  toes  ;  all  the  toes  are 
furnished  with  claws  ;  and  the  animal  walks  on  the  soles  of  the 
feet,  or  is  more  or  less  completely  plantigrade.  The  hallux  is 
never  opposable.     The  t^tes  pass  periodically  from  the  abdomen 


.  V^^A£^6ja.54.ii^ 


Fig.  542.- 


-Dentition  of  the  Common  Mole 
{Talpa  evroptea.) 
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into  a  temporary  scrotum;  and  the  placenta  is  deciduate  and 
discoidai. 

The  orbits  may  be  complete,  but  are  more  commonly  con- 
fluent with  the  temporal  fossae.  The  radius  and  ulna  and  tibia 
and  fibula  are  complete  bones,  and  the  latter  are  usually  dis- 
tinct from  one  another,  though  sometimes  {Erinacetis,  &c.)  con- 
joined. The  intestine  commonly  possesses  a  caecum,  which 
is  sometimes  of  large  size  {Tupaia)\  but  in  other  cases  (Sori- 
a'da,  Centetes)  a  caecum  is  wanting.  The  cerebral  hemispheres 
are  small,  not  covering  the  cerebellum,  and  are  almost  or 
wholly  devoid  of  convolutions. 

The  Insectivores  are  mostly  small  nocturnal  animals,  often 
subterrs^nean  in  their  habits,  and  generally  hibernating  in  tem- 
perate countries.  About  one  hundred  and  forty  living  species 
of  the  order  are  known,  about  half  of  these  being  Shrew-mice, 
and  their  distribution  in  space  is  almost  universal.  No  mem- 
bers of  this  order,  however,  are  found  in  Australia  or  in  the 
continent  of  South  America.  The  genus  Solenodon,  however, 
occurs  in  Cuba  and  St  Domingo,  and  thus  is  the  sole  repre- 
sentative of  the  Insectivora  in  the  Neotropical  province-  Most 
of  the  families  of  the  order  are  singularly  restricted  in  their 
range.  The  Elephant-shrews,  Potamogale^  and  the  Golden 
Moles  are  exclusively  African.  The  Centetidce  are  inhabitants 
of  Madagascar,  but  are  represented  by  Solenodon  in  the  widely 
distant  West  Indies.  The  Shrew-mice,  Moles,  and  Hedge- 
hogs have  the  widest  range  of  any  of  the  groups,  the  first  two 
of  these  having,  in  fact,  the  range  of  the  whole  order. 

As  regards  their  distribution  in  time^  the  Insectivora  appear 
for  the  first  time  in  the  Eocene,  and  the  existing  genus  Talpa 
occurs  as  early  as  the  Miocene. 

The  order  Insectivora  is  generally  divided  into  nine  or  ten 
families,  the  principal  characters  of  which  are  as  follows : — 

Fam,  I.  Soricida, — The  Shrew-mice  are  distinguished  by 
having  the  body  covered  with  hair,  and  the  feet  not  adapted 
for  digging ;  whilst  there  are  mostly  external  ears,  and  the  eyes 
are  well  developed.  The  tail  is  nearly  naked,  and  scaly ;  the 
central  upper  and  lower  incisors  are  very  large ;  the  tibia  and 
fibula  are  united ;  and  there  is  no  caecum.  Of  all  the  Insecti- 
vora, no  division  is  more  abundant  or  more  widely  distributed 
than  that  of  the  Shrew-mice,  their  range  extending  over  North 
America  and  the  whole  of  the  Old  World  except  Australia. 

In  general  form  and  appearance,  the  Shrews  very  closely  resemble  the 
true  Mice  {Murida)  and  the  Dormice  {Myoxida)^  but  they  are  in  reality 
widely  different,  and  must  not  be  confounded  with  these.  The  common 
Shrew  {Sorex  vulgaris),  the  Garden  Shrew  (Crocidura  aranea),  and  the 
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Water-shrew  {Crossopus  fodiens),  are  well-known  British  species  of  this 
family.  The  smallest  known  Mammal  is  the  little  Etruscan  Shrew  {Croci- 
dura  suaveolens)  of  the  countries  bordering  the  Mediterranean,  the  total 
length  of  which,  inclusive  of  the  tail,  is  not  more  than  two  and  a  half 
inches. 

The  Desmans  or  Musk-rats,  forming  the  genus  Myogaie^ 
are  sometimes  placed  here,  sometimes  in  the  family  of  the 
TalpidcBy  and  are  often  raised  to  the  rank  of  a  distinct  family 
{MyogaitdcB),  They  have  the  nose  prolonged  into  a  kind  of 
flexible  proboscis,  whilst  the  feet  are  webbed,  and  the  tail  is 
compressed,  thus  adapting  the  animal  for  a  semi-aquatic  life. 
The  hind-feet  are  much  larger  than  the  fore-feet,  the  small  ears 
are  hidden  in  the  fur,  and  there  is  a  musk-gland  at  the  root  of 
the  tail.  The  central  incisors  and  lateral  lower  incisors  (fig. 
543)  are  very  large  and  pyramidal.     The  dental  formula  is — 


Z—Z,    ^i— I 


pm 


4—4.   ^3—3 


=  44. 


3—3         I— I      ■      4—4         3—3 

The  genus  Myogale  is  represented  by  two  living  species, 
of  which  one   inhabits 
south  -  eastern    Russia, 
while  the  other  is  found 
in  the  Pyrenees. 


Fig.  543.— Dentition  of  MyogaU.^  The  upper  figure 
shows  the  teeth  in  the  upper  jaw,  and  the  lower 
figure  those  of  the  mandible. 


Also  occupying  an  inter- 
mediate position  between 
the  Shrew-mice  on  the  one 
hand  and  the  Moles  on  the 
other  hand,  is  the  singular 
genus  Urotrichus  of  Japan. 
In  this  genus  the  nose  is 
long  and  cylindrical,  termin- 
ated by  a  naked  fleshy  bulb, 
and  extiemely  sensitive ;  the 
tail  is  moderately  developed 
and  hairy ;  and  the  fore-ieet 
are  adapted  for  burrowing. 
A  closely  allied  form  (some- 
times regarded  as  a  distinct  genus)  occurs  in  British  Columbia. 

Fam,  2.  TalpidcR, — This  family  comprises  the  true  Moles, 
in  all  of  which  the  body  is  covered  with  hair;  the  feet  are 
formed  for  digging  and  burrowing,  and  the  toes  are  furnished 
with  strong  curved  claws.  There  are  no  external  ears;  and 
the  eyes  in  the  adult  are  very  small,  or  may  be  covered  by 
the  skin.  The  clavicles  are  strong,  the  arm  very  short,  the 
hand  wide,  and  the  palm  turned  outwards  and  backwards. 
The  fur  is  short  and  velvety,  and  the  tail  is  generaUy  very 
short  or  wanting. 
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The  common  Mole  (Talpa  europaa,  fig.  544)  is  the  only 
British  species  of  the  family,  and  is  too  well  known  to  need 
much  description.     The  dental  formula  of  the  Mole  is — 

/3z:3      ^i^      /;«4-4.    „,^-Z  =  ^, 
3—3         I— I  4—4  3—3 

The  nearly-allied  Talpa  ccBca  of  Southern  Europe  has  the  eyes 
covered  by  a  membrane,  pierced  by  a  small  central  aperture. 
Other  species  of  Talpa  are  found  in  India,  China,  and  Japan. 


Fig.  544. — European  Mole  {Talpa  europaa). 

The  common  Mole  ( Talpa  europaa)  ranges  from  Britain  to  China.  The 
cartilages  of  the  nose  in  the  Mole  are  strengthened  by  ossification.  The 
fore-limbs  are  short  and  exceedingly  strong,  the  manus  broad  and  shovel- 
like, and  the  digits  armed  with  broad  flat  claws.  The  radial  side  of  the 
carpus  supports  a  large  sickle-shaped  sesamoid  bone  (**  falciform  bone  "), 
which  supports  the  pollex  in  digging.  The  humerus  is  excessively  short 
and  strong,  with  great  muscular  ridges,  and  it  articulates  with  the  short 
and  compressed  clavicle  and  with  the  long  and  narrow  scapula.  The  manu- 
brium stemi  is  long,  and  its  front  face  is  keeled.  The  hind-feet  are  com- 
paratively small.  The  incisors  are  of  small  size,  and  the  first  lower  prse- 
molar  is  like  a  canine  in  form.  The  eyes,  thoueh  very  small  and  concealed 
within  the  fur,  can  certainly  be  used  as  organs  of  vision.  The  subterranean 
burrows  of  the  Mole  are  complex,  and  its  food  consists  chiefly  of  worms 
and  the  larvae  of  insects. 

The  Star-nosed  Moles  (CondylufxC)  are  North  American,  and  arc  dis- 
tinguished by  a  fringe  of  elongated  membranous  caruncles  surrounding 
the  nostrils.  The  tail  is  much  longer  than  in  the  typical  Moles  ;  the 
eyes  are  very  minute ;  and  there  are  no  external  ears. 

Also  North  American  is  the  genus  Scalops^  comprising  the  so-called 
Shrew-moles.  In  this  genus  the  tail  is  short ;  the  muzzle  is  long,  with 
the  nostrils  at  its  extremity  ;  and  the  eyes  are  very  small  and  are  hidden 
in  the  fur.  The  common  Shrew-mole  {Scalops  aquaiicus)  has  the  hind- 
feet  webbed,  and  is  found  everywhere  in  the  United  States  east  of  the 
Mississippi. 

Fam,  3.  Chrysochlorida. — This  family  includes  the  so- 
called   "Golden    Moles,"  which    nearly   resemble    the    true 
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Fig.  545.— Dentition  of  the  Golden  Mole  {Ckryso- 
chloris\  enlarged.  The  upper  figure  shows  the 
teeth  in  the  upper  jaw,  and  the  lower  figure  those 
of  the  mandible. 


Moles  in  form  and  general  habit,  but  have  a  fur  which  is  iri- 
descent, and  which  exhibits  beautiful  metallic  colours.  The 
manus  differs  from  that 
of  the  Moles  in  having 
the  first  and  fourth  digits 
very  small,  while  the  sec- 
ond and  third  digits  are 
very  large,  and  are  armed 
with  immense  claws. 
The  clavicles  are  much 
more  slender,  and  are 
longer,  than  in  the  true 
Moles.  The  eyes  are 
very  minute,  and  are 
covered  by  the  skin.  The 
dentition  is  peculiar,  and 
the  upper  molars  (fig. 
545)  resemble  those  of  the  Centeiedida  and  of  Poiamogale  in 
being  V  shaped,  whereas  in  the  Insectivora  generally  they  are 
W-shaped.     The  dental  formula  is — 

.  X — X        o — o       .     I — I         6 — 6         5 — ^       , 

t^     ^  \    c    —  :    pm :  m or  ^ — ^~  =  36  or  40. 

2—2         0—0  3—3         5—5         4—4 

The  Golden  Moles  are  peculiar  to  Africa,  ranging  from  Cape 
Colony  to  Mozambique.  The  best -known  species  is  the 
Chrysochloris  capensis  of  the  Cape. 

Fam.  4.  Potamogalidcs,  —  This  family  comprises  only  the 
single  genus  Potamogale,  which  contains  only  a  single  species 
— the  Poiamogale  velox  of  West  Africa.  This  is  a  singular 
Otter-like  Insectivore,  which  leads  an  amphibious  life,  and 
feeds  upon  fish.  The  tail  is  long  and  vertically  compressed, 
and  there  are  no  clavicles.  The  animal  is  only  about  eighteen 
inches  in  length,  inclusive  of  the  tail.  Its  upper  molars  have 
the  same  V-shaped  form  as  is  seen  in  the  same  teeth  in  the 
Golden  Moles. 

Fam.  5.  CentetidcB, — This  family  includes  the  so-called 
"Tanrecs"  or  "Tenrecs"  {CenteteSy  &c.)  of  Madagascar,  and 
the  Solenodon  of  the  West  Indies.  The  Tanrecs  are  small 
animals,  somewhat  resembling  Hedgehogs  in  appearance  and 
habits^  and  having  the  back  covered  with  hair,  intermixed 
with  fine  prickles,  or  spiny  bristles.  The  muzzle  is  long  and 
pointed,  and  the  tail  is  rudimentary  or  wanting.  The  skull 
is  without  a  zygomatic  arch,  and  the  tympanic  bones  do  not 
form  "  bullae."  The  upper  molars  have  the  V-shaped  form  of 
the  teeth  in  the  two  preceding  families. 
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Allied  to  the  genus  Cenietes  axe  the  genera  Ericulus^  Eckinops,  and 
GeogaUy  all  of  which  occur  in  Madagascar,  and  of  which  the  last  has 
relationships  with  the  SoricicUB.  Likewise  related  to  the  Tenrecs  is  the 
curious  genus  SoUnodon  of  Cuba  and  Hayti,  in  which  the  nose  is  very  long 
and  pointed,  the  tail  is  long  and  scaly,  and  the  body  is  covered  with 
coarse  fur,  without  spines.  The  two  central  incisors  of  the  lower  jaw  arc 
small,  and  are  placed  between  long  conical  lateral  incisors  which  are 
deeply  grooved  on  their  inner  surfaces. 

Fam,  6.  Erinaceidce. — The  typical  forms  of  this  family  are 
the  Hedgehogs  {Erinaceus),  characterised  by  the  fact  that  the 


Fig.  546. — Skull  of  the  Common  Hedgehog  {Erinaceus  euro^tnu\  enlarged. 

upper  part  of  the  body  is  covered  with  prickly  spines,  the  feet 
are  not  adapted  for  digging,  and  the  animal  has  the  power  of 
rolling  itself  into  a  ball  on  the  approach  of  danger.  The 
skull  has  a  complete  zygomatic  arch,  and  tympanic  bullae  are 
present  The  intestine  is  without  a  caecum.  The  dental 
formula  of  the  Hedgehog  may  be  stated  to  be — 

/  ^~~^  :    c  ^~"i  :    pm  ^~^  :    m  ?^  =  36. 
2—2  I— I  2—2  3;=^ 

The  teeth  regarded  as  upper  canines  here  are,  however,  some- 
times considered  as  being  the  first  praemolars,  and  the  lower 
canines  are  sometimes  regarded  as  being  incisors.  The  cen- 
tral upper  and  lower  incisors  are  longer  than  the  others. 

The  common  Hedgehog  (fig.  547)  inhabits  all  Europe  except  Scandi- 
navia and  northern  Russia,  and  is  nocturnal  in  its  habits.  It  feeds  upon 
insects,  worms,  snails,  frogs,  toads,  and  snakes.  The  spines  of  the  young 
animal  are  quite  flexible  and  soft,  and  the  adult  has  the  power  of  rolling 
itself  up  into  a  ball  by  the  contraction  of  the  powerful  ''orbicularis  ponni- 
culi  "  muscle. 

Other  species  of  Hedgehogs  are  found  in  Asia  and  in  North  and  South 
Africa.  We  may  also  place  here  the  singular  genus  Gymnura,  repre- 
sented by  a  single  species  which  inhabits  Borneo,  Sumatra,  and  the  Malay 
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Peninsula.    In  this  singular  type,  the  body  is  covered  with  long  and  coarse 
ftir,  the  tail  is  long  and  scaly,  the  snout  is  long,  and  the  feet  are  five-toed. 

Fam,  7.  Tupaiida, — The  typical  forms  of  this  family  are  the 
"  Banxrings  "  or  "  Squirrel-shrews  "  ( Tupaia)  of  India  and  the 


Fig.  547. — The  Hedgehog  {Erinaceus  eurv^ceus). 

Malay  Archipelago.  These  are  squirrel-like  Insectivores,  with 
long  bushy  tails,  the  feet  plantigrade,  five-toed,  with  naked 
soles,  and  sickle-shaped  claws.  They  climb  actively  amongst 
the  trees,  and  also  run  with  facility  upon  the  ground.  Closely 
allied  to  the  Tupaia  is  the  little  Ptilocercus  of  Borneo,  in  which 
the  tail  is  very  long,  and  the  hairs  towards  its  extremity  are 
arranged  like  the  barbs  of  a  feather. 

Fam.  8.  Macroscelidce. — This  family  includes  only  the  little 
"  Elephant-shrews  "  i^Macroscelides)  of  southern  and  northern 
Africa.  They  are  readily  distinguished  by  their  extraordi- 
narily elongated  trunk-like  nose,  resembling  the  proboscis  of 
an  Elephant,  and  their  very  long  Kangaroo-like  hind-legs. 

Fam-  9.  GaleopithecidcB, — This  family  comprises  only  the 
aberrant  genus  Gaieopithecus,  which  is  in  some  respects  inter- 
mediate in  its  characters  between  the  Insectivores  and  the 
Lemurs.  Only  two  certainly  established  species  of  Galeopithe- 
cus  are  known,  the  G,  volans  of  Malacca,  Sumatra,  and  Borneo, 
and  the  G.  philippitunsis  of  the  Philippine  Islands.      The 
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"  Colugos "  or  "  Flying  Lemurs,"  as  these  animals  are  often 
called,  are  distinguished  by  the  possession  of  a  hairy  flying- 
membrane,  or  "  patagium,"  in  the  form  of  a  great  lateral  fold 
of  the  skin  which  extends  from  the  nape  of  the  neck  to  the 
fore-limbs,  from  these  to  the  hind-limbs,  and  from  these  again 
to  the  tail.  The  toes  of  the  hind-feet  are  also  united  by  a  web 
of  the  skin,  but  the  manus  has  the  digits  free,  and  in  no  way 
specially  elongated.  Neither  the  hallux  nor  the  pollex  are 
opposable.  The  Galeopitheci  have  no  power  of  true  flight ; 
but  the  patagium  acts  as  a  parachute,  and  enables  the  animal 
to  take  extended  leaps  from  tree  to  tree. 
The  dental  formula  of  Galeopithecus  is — 

3—3         I— I  2—2  3—3 

The   lower   incisors  (fig.    548)  are  comb -like,   having   their 

crowns  split  into  narrow 
strips.  The  outer  upper 
incisors  and  the  canines 
of  both  jaws  have  double 
roots.  The  praemolars 
and  molars  have  cuspi- 
date crowns. 

The  Galeopitheci  are 
not  habitually  insectivor- 
ous as  regards  their  diet, 
but  appear  to  live  prin- 
cipally, if  not  exclusively, 
upon  fruits  and  leaves.  The  stomach  is  of  large  size,  and  the 
intestine  has  a  long  caecum.  The  Colugos  are  arboreal  in 
their  habits,  and  are  principally  active  at  night. 


Fig.  548. — Front  of  the  lower  jaw  oi  Galeopithe- 
cus volans,  showing  the  form  of  the  incisors. 
(After  Owen.) 


CHAPTER    LXXV. 
PRIMATES. 


Order  XVL  Primates. — It  is  now  very  general  to  regard 
Man  as  being,  zoologically,  a  member  of  a  single  order  with 
the  Monkeys,  and  this  arrangement  is  an  entirely  defensible 
one  so  long  as  merely  anafomica/  chsLTacttrs  are  taken  as  the 
basis  of  classification.  The  order  Primates^  therefore,  in  a 
narrower  sense  than  that  in  which  Linnaeus  understood  the 
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term,  may  be  substituted  for  the  two  orders  of  the  Quadru- 
mana  and  Bimana^  which  have  been  employed  by  Cuvier, 
Owen,  and  many  other  writers,  for  the  reception  of  the  Mon- 
keys on  the  one  hand,  and  of  Man  on  the  other  hand. 

The  Primates  may  be  defined  by  the  possession  of  perfect 
clavicles  which  articulate  with  the  top  of  the  sternum.  The  radius 
and  ulna  and  tibia  and  fibula  are  complete^  and  are  not  anchy- 
losed  with  one  another,  (The  tibia  and  fibula  are  conjoined 
inferiorly  in  Tarsius),  The  hallux  has  aflat  naily  and  is  com- 
monly opposable  to  the  other  digits.  The  pollex  is  also  usually 
opposable  to  the  other  digits  of  the  manus.  The  typical  dental 
formula  is — 

.  2 — 2        I — I      .     2 — 2        x — X  t — -i  ^ 

I  ;  c ;  pm or  ^ — ^\  m  ^ — ^  =  32  or  36. 

2-— 2       I— I  2—2       3—3  3—3 

In  no  instance  are  there  more  than  thirty-six  teeth  altogether^ 
and  the  molars  always  have  broad  and  tuberculate  crowns.  The 
mammary  glands  are  typically  two  in  number,  and  are  almost 
always  pectoral  in  position.     The  placenta  is  discoidal. 

The  order  Primates  may  be  considered  under  the  three 
primary  sections  of  (i)  the  Zemuroidea,  embracing  the  Strepsi- 
rhine  Monkeys  or  Lemurs,  and  their  allies;  (2)  the  Simioidea, 
including  the  Platyrhine  and  Catarhine  Monkeys;  and  (3) 
Man. 

I.  Lemuroidea. 

The  Lemuroids,  Prosimii,  or  Strepsirhina,  are  small  arboreal 
animals,  with  the  fore-limbs  shorter  than  the  hind-limbs,  and 
the  hallux  opposable  to  the  other  digits,  as  also  the  pollex  is 
as  a  rule.  The  second  digit  of  the  hind-foot  has  a  curved 
claw,  but  in  the  typical  Lemuroids  all  the  other  digits  of  both 
the  pes  and  the  manus  have  nails,  those  of  the  hallux  and 
pollex  being  flat,  while  those  of  the  other  digits  are  more 
claw-like.  The  incisors  (except  in  Cheiromys)  are  two  in 
number  on  each  side  of  each  jaw,  and  the  lower  incisors  are 
produced  and  slanting.  The  nostrils  (fig.  549)  are  twisted 
and  curved,  with  their  convexities  turned  outwards,  and  placed 
at  the  end  of  the  snout.  It  is  upon  this  peculiarity  in  the 
shape  of  the  nostrils  that  the  name  of  Strepsirhina,  applied  to 
the  group  by  Owen,  was  based.  There  may  be  two  abdo- 
minal mammary  glands  {Cheiromys),  or  there  may  be  abdo- 
minal mammae  in  addition  to  the  pectoral  pair.  None  of  the 
Lemuroids  have  a  prehensile  tail,  cheek-pouches,  or  natal 
callosities. 

About  fifty  species  of  Lemuroids  are  known,  the  majority 


860 


MANUAL  OF  ZOOLOGY. 


of  which  are  peculiar  to  Madagascar.  This  is  the  case  with 
all  the  true  Lemurs,  the  Indrises,  and  the  Ayt-diyt  {Chetromys). 
Many  of  the  Galagos,  the  Potto,  and  the  Arctocebus  are  natives 


Fig.  549. — Head  oi  Indris  yerreaujcii,  showing  the  "Sirepsirhine"  type 
of  nostrils.    (After  Grandidier.) 

of  the  mainland  of  Africa,  The  **Slow  Lemurs"  (Nycticcims) 
are  confined  to  the  Oriental  province,  as  are  the  Loris  (Cey- 
lon), and  the  Tarsier  (Sumatra,  Borneo,  &c.).  Speaking 
roughly,  therefore,  it  may  be  said  that  the  Lemuroids  have 
Madagascar  as  their  geographical  centre,  but  that  they  spread 
westwards  from  this  into  Africa,  and  eastwards  to  India  and 
the  Indian  Archipelago. 

As  regards  their  distribution  in  time,  the  Eocene  deposits  of 
both  Europe  and  North  America  have  yielded  the  remains  of 
a  number  of  small  Mammals  which  have  been  referred  to  the 
Lemuroids.  Some  of  these  (such  as  Necrolemur)  seem  to  be 
closely  related  to  the  recent  Lemurs.  Others,  again,  are  of 
a  generalised  type,  and  show  relationships  to  the  Insectivores 
or  to  the  Ungulates. 

The  Lemuroidea  comprise  the  three  families  of  the  Cheir- 
omydce^  TarsiidcBy  and  Lemurida,  of  which  the  two  first  in- 
clude each  but  a  single  genus  and  single  species,  while  all 
the  other  forms  of  the  group  are  contained  in  the  third. 

Fam,  I.  CheiromydcB. — This  family  is  characterised  by  the 
non-opposable  character  of  the  pollex  and  the  reduction  of 
the  incisors  to  one  on  each  side  of  each  jaw,  and  it  includes 
only  the  extraordinary  animal  known  as  the  Aye-aye  {Cheir- 
omys  madagascariensis).  The  Aye-aye  in  appearance  is  not 
very  unlike  a  large  Squirrel,  having  a  hairy  body  and  a  long 


PRIMATES. 


86i 


bushy  tail.  The  dentition  (fig.  550)  is  very  like  that  of  a 
Rodent,  there  being  only  a  single  incisor  on  each  side  of  each 
jaw,  and  no  canines,  so  that  there  is  a  wide  gap  between  the 


Fig.  550. — Skull  of  the  Aye-aye  {Cheiron^s),  viewed  laterally  and  from 
the  front.    (After  Owen.) 

incisors  and  back  teeth.  Moreover,  the  incisors  have  chisel- 
shaped  edges,  and  grow  from  permanent  pulps ;  but  the  enamel 
covers  their  entire  surface.     The  dental  formula  is — 

/ :    c :   pm     —  ;    m  - — ^  =  i  ©• 

I  —  I  o — o  o — o  3 — 3 

The  fore-feet  have  fi^t  toes,  armed  with  strong  claws,  but 
the  pollex  is  not  opposable  to  the  other  digits.  The  middle 
finger  is  about  as  long  as  the  ring-finger,  but  only  about  half 
as  thick,  its  last  two  joints  being  hairless.  The  hind-feet 
have  also  fiv^  toes,  of  which  the  hallux  is  opposable,  and  the 
second  digit  is  furnished  with  a  long  claw ;  as  are  all  the  toes 
except  the  hallux,  which  has  a  flat  nail.  The  Aye-aye  is  con- 
fined to  the  forests  of  Madagascar. 

Fam.  2.  TarsiidcB, — This  family  includes  only  the  extra- 
ordinary little  "  Tarsier  "  ( Tarsius  spectrum)  of  Borneo,  Sum- 
atra, Celebes,  and  Banca,  remarkable  for  the  great  length  of 
the  pes,  due  to  the  elongation  of  the  tarsus,  and  particularly 
of  the  calcaneum.  It  is  a  little  arboreal  animal,  about  as  big 
as  a  Squirrel,  with  enormously  large  eyes  and  a  long  tail. 
The  two  upper  central  incisors  are  larger  than  the  lateral  ones, 
and  there  is  only  a  single  incisor  on  each  side  in  the  lower 
jaw.     The  dental  formula  is — 

/  ]   c ;   pm  ^ — ^     w^'-   ^  =  34. 

I— I         I— I  3—3         3—3 
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Fam,  3.  Lemurida, — The  members  of  this  family  are  char- 
acterised by  the  fact  that  the  pollex,  as  well  as  the  hallux,  is 
opposable  and  furnished  with  a  nail.  There  are  two  incisors 
on  each  side  of  each  jaw,  and  the  lower  incisors  are  directed 
forwards  (fig.  551). 


Fig.  551.— Side  view  of  the  skull  of  a  Lemuroid  {Nycticebui^  or  Sttno^s,  tardigradms\ 
(After  Giebel.) 

The  typical  forms  of  this  family  are  the  true  Lemurs  {Lemurina:\  in 
which  the  muzzle  is  elongated  and  pointed,  and  the  nails  on  all  the  toes 
are  flat,  with  the  exception  of  the  second  toe  of  the  hind-foot,  which  is 
furnished  with  a  long  and  pointed  claw.  The  body  is  covered  with  a 
woolly  fur,  and  the  tail  is  usually  of  considerable  length,  and  is  covered 
with  hair.     The  dental  formula  in  Lemur  itself  is — 

2-2  1-1        ^       3—3  3-3 

The  Lemurs  are  all  natives  of  Madagascar,  and  are  often  domesticated. 
Well-known  species  are  the  Ring-tail^  Lemur  (Z.  catta)  and  the  White- 
fronted  Lemur  (Z.  albifrons). 

Allied  to  the  preceding  is  a  group  of  the  Lemurida  of  which  the  genus 
Indris  is  the  type  {Incirisina).  These  have  a  shorter  muzzle  than  the 
true  Lemurs,  and  have  only  two  prsemolars  on  each  side  of  each  jaw. 
Well-known  species  are  the  Woolly  Lemur  {Indris  lanigtr)  and  the 
Diadem  Lemur  (/.  diadema).  All  the  forms  of  this  group  are  confined 
to  Madagascar. 

A  third  grAup  of  the  Lemurida  is  that  of  the  "Galagos,"  comprising 
the  genera  Cheirogale  and  Galago.  These  have  the  tarsus  greatly  elon- 
gated. The  genus  Cheirogale  is  confined  to  Madagascar,  but  the  species  of 
Galago  are  widely  distributed  over  Africa,  being  most  abundant  in  the 
western  part  of  the  continent,  but  ranging  to  Senegal  and  the  southern 
borders  of  the  Sahara.  The  Galagos  are  elegant  little  animals,  with  long 
bushy  tails,  large  eyes,  and  large  membranous  ears.  A  well-known 
species  is  the  Maholi  Galago. 

The  remaining  members  of  the  Lemurida  are  grouped  together  to  form 
a  special  sub-family  {Nyclicebintr),  to  which  the  name  of  **  Slow  Lemurs" 
is  often  given  on  account  of  the  slow  movements  of  the  animals  composing 
it.  In  this  group  there  is  no  tail,  or  but  a  rudimentary  one  ;  the  limte 
are  nearly  equal  in  size  ;  the  ears  are  short  and  rounded,  and  the  eyes  are 
large,  and  are  placed  close  together.  The  species  of  this  family  are  all  of 
small  size,  and  are  exclusively  confined  to  the  eastern  portion  of  the  Old 
World,  occurring  in  Java,  Ceylon,  the  southern  parts  of  Asia,  and  other 
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localities  in  the  same  geographical  area.  They  are  nocturnal  in  their 
habits,  livinff  mostly  on  trees,  and  feeding  upon  insects.  The  best-known 
species  are  the  Slender  Loris  (Zjn'j,  ox  Stenops^  gracilis)  of  Ceylon,  and  the 
Nycticebus  tardigradus  of  the  East  Indies.  Here  also  belongs  the  **  Potto  *' 
(Perodicticus)  of  Sierra  Leone,  in  which  the  index-finger  is  rudimentary, 
and  the  Arctocebus  of  Old  Calabar,  in  which  this  digit  is  reduced  to  a 
tubercle,  and  the  tail  is  rudimentary. 


II.  SlMIOIDEA. 

In  the  section  of  the  Simioidea  or  Simiadce  are  included  all 
the  animals  ordinarily  known  as  Monkeys  and  Apes — the 
Platyrhine  and  Catarhine  Monkeys  of  Owen.  These  are  dis- 
tinguished from  the  Other  members  of  the  Primates  by  having 
the  hallux  much  shorter  than  the  other  digits  of  the  pes,  and 
always  opposable.  There  is  an  interval  {diastema)  between 
the  upper  canines  and  incisors  and  between  the  lower  canines 
and  the  first  prsemolars,  the  largely  developed  canine  teeth 
being  thus  enabled  to  pass  each  other  when  the  mouth  is 
closed.  There  is  but  a  single  pair  of  mammary  glands,  and 
these  are  pectoral  in  position.  In  many  cases,  the  cheeks 
are  dilated  into  "  cheek  -  pouches,"  and  there  are  often 
spaces  of  thickened  and  naked  skin  over  the  ischia  (''natal 
callosities  "). 

The  Simioidea  are  divided  into  the  three  groups  of  the  Arcto- 
pithecini  (Marmosets),  the  Platyrhina  (Spider-monkeys,  Howl- 
ing Monkeys,  &c.),  and  the  Catarhina  (Macaques,  Baboons, 
Apes,  &c.),  of  which  the  first  two  groups  are  wholly  Neotropi- 
cal in  their  range,  and  the  last  is  entirely  confined  to  the 
warmer  parts  of  the  Old  World,  and,  with  the  exception  of 
one  species  of  Macaque,  is  restricted  to  Africa  and  to  Asia 
and  its  islands. 

As  regards  their  distribution  in  time,  the  earliest  types  ap- 
pear in  the  Miocene  Tertiary  of  Europe,  some  of  ihese  early 
forms  belonging  to  types  now  extinct  {Dryopithecus  and 
Pliopithecus),  while  others  have  been  referred  to  existing 
genera.  All  the  early  forms  of  the  Monkeys  from  the  Euro- 
pean Tertiaries  are,  moreover,  referable  to  the  section  of  the 
Catarhina,  which  at  the  present  day  is  confined  to  the  limits  of 
the  eastern  hemisphere. 

A.  Arctopithecini. — This  group  includes  only  the  Marmo- 
sets and  their  allies  (Hapalida),  often  placed  in  the  next  sec- 
tion of  the  Monkeys,  as  their  nose  is  of  the  "platyrhine"  type, 
having  the  nostrils  simple  and  placed  widely  apart.  The 
Arctopithecini  have  the  tail  long,  hairy,  and  not  prehensile ; 
there  are  no  cheek- pouches,  nor  natal  callosities;  the  fore- 
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limbs  are  shorter  than  the  hind  -  limbs ;  the  pollex  is  not 
opposable ;  and  all  the  digits  are  clawed,  with  the  exception 
of  the  opposable  hallux,  which  has  a  flat  nail.  The  number  of 
the  teeth  is  the  same  as  in  the  Catarhine  Monkeys  and  in 
Man,  but  there  is  a  premolar  more  and  a  molar  less  on  each 
side  of  each  jaw.  The  molar  teeth  have  pointed  cusps. 
The  dental  formula  is — 

.  2 — 2  I — I         .      3 — 3  2 — 2 

/        -    ,   c ;  pm  ^- — ^;   m =  32. 

2 — 2  I — I  3 — 3  2 — 2 

The  Hapalida  are  all  small  Monkeys,  mostly  about  as  big 
as  Squirrels,  and  they  are  exclusively  South  American,  occur- 
ring especially  in  Brazil.  The  best- known  species  is  the 
common  Marmoset  {Hapale  Jacchus\  but  several  species  are 
domesticated  and  kept  as  pets.  The  genus  Midas  comprises 
small  Monkeys  which  differ  from  the  Marmosets  chiefly  as 
regards  the  inclination  of  the  incisor  teeth. 

B.  Platyrhina. — This  section  includes  all  the  South  Amer- 
ican Monkeys  with  the  exception  of  the  Hapalida,  The 
tail  in  the  Platyrhine  Monkeys  is  long  and  is  commonly 
prehensile ;  there  are  no  cheek-pouches  nor  natal  callosities ; 
the  fore-limbs  are  mostly  shorter  than  the  hind-limbs ;  and  the 
pollex  is  not  opposable  to  the  other  digits.  The  nostrils  are 
of  the  "  platyrhine  "  type,  being  separated  by  a  broad  septum, 
and  opening  laterally.  There  are  three  molars  on  each  side 
of  each  jaw,  as  in  the  Catarhine  Monkeys  and  in  Man,  while 
there  is  a  praemolar  more  on  each  side  than  in  these.  The 
dental  formula  is — 

.  2 — 2  I — I        .      % — x  X — %       ^ 

t  -         ;    c  \   pfn  ^ — ^  :   m  ^ — ^  =  36. 

2—2         I— I  3-— 3  3—3 

The  section  of  the  Platyrhina  includes  the  single  family  of 
the  Cebidee,  all  the  members  of  which  are  confined  to  the 
Neotropical  province,  ranging  "from  the  southern  part  of 
Mexico  to  about  the  parallel  of  30"*  south  latitude  "  (Wallace). 
They  are  arboreal  in  their  habits,  and  live  partly  on  fruits  and 
partly  upon  insects. 

The  Spider  -  monkeys  {Ateles\  the  Howling  Monkeys 
{Mycet€s)y  the  "Sapajous"  or  "Capuchins"  {Cedus)^  and  the 
Squirrel -monkey  (Callithrix\  may  serve  as  typical  examples 
of  this  section  of  the  Primates,  In  Atelts  the  tail  is  long, 
slender,  and  powerfully  prehensile ;  and  the  limbs  are  very 
long  and  slender.  The  pollex  is  absent,  or  is  quite  rudimen- 
tary. In  Mycetes  there  is  a  bony  drum  which  is  formed  by  a 
dilatation  of  the  os  hyoides  and  communicates  with  the  larynx. 
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The  voice  is  thus  rendered  extraordinarily  resonant  The 
pollex  is  not  opposable,  but  is  placed  on  a  line  with  the 
other  fingers. 

In  the  so-called  "  Sakis  "  {Piiheciidce)  the  tail  is  sometimes 
long  {Pithecia\  sometimes  short  (Brachyurus)^  but  is  never 
prehensile,  while  the  lower  inci3ors  are  inclined  forwards. 
The  little  "Night-apes"  {Nyctipitheais)  also  have  non-pre- 
hensile tails,  but  the  lower  incisors  are  vertical,  and  the  eyes, 
in  accordance  with  the  nocturnal  habits  of  the  animal,  are  of 
immense  size. 

C.  Catarhina. — In  the  Old  World  Monkeys  included  in 
this  group,  the  tail  may  be  long,  or  short,  or  wanting,  but  is 
never  prehensile.  Cheek-pouches  and  natal  callosities  are 
often  present.  The  pollex  (wanting  in  Colobus)  is  opposable 
to  the  other  digits.  The  nostrils  are  of  the  **  catarhine  "  type, 
being  oblique,  separated  by  a  narrow  septum,  and  so  directed 
as  to  look  downwards.  The  number  of  prsemolars  and  molars 
is  the  same  as  in  man,  and  the  dental  formula  is — 

.  2 2  I- 

/  ;   c 


2 — 2  I 1  2 2  3 3 

The  incisors  are  more  or  less  prominent,  and  the  canines — 
especially  in  the  males  —  are  of  proportionately  large  size. 
There  is  always  a  diastema  or  gap  in  front  of  the  upper 
canines  and  behind  the  lower  canines. 

The  facial  portion  of  the  skull  is  always  more  developed  in  proportion 
to  the  size  of  the  brain-case  proper  than  is  the  case  in  Man,  this  being 


Fig.  55a.— Side  view  of  the  skull  of  a  Baboon  {Cynocepkaius  nrnttus).    (After  GiebeU) 


most  conspicuous  in  the  Baboons  (fig.  552),  and  least  so  in  the  Anthropo- 
morphous Apes.  The  brain-case  is  of  much  the  same  form  as  in  Man, 
and  the  cerebral  fossa  may  or  may  not  project  backwards  over  the  cere- 
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bellar  fossa.  The  prsemaxillse  remain  as  permanently  distinct  bones,  the 
sutures  between  these  and  the  maxillae  only  becoming  obliterated  in  aged 
specimens.  The  nasal  bones  often  anchylose  with  one  another  in  the 
middle  line.  There  is  a  tubular  meatus  auditorius,  and  there  is  no  tym- 
panic bulla  (a  tympanic  bulla  is  present  in  the  Platyrhina).  Except  in  one 
of  the  Gibbons  (the  Siamang),  the  -mandible  has  no  *'  chin,"  or  "  mental " 
protuberance.  Lastly,  the  supr^ciliary  lidges  (fig.  552)  are  generally  of 
great  size. 

The  Catarhine  Monkeys  are  essentially  African  and  Asiatic, 
and  are  wholly  confined  to  the  Old  World.  A  single  species, 
the  Barbary  Ape  (Macacus  tnuiis)y  is  found  on  the  Rock  of 
Gibraltar,  and  is  the  only  Monkey  which  inhabits  Europe. 
No  Monkeys  are  found  in  Australia,  but  a  species  of  Macaque 
inhabits  the  island  of  Timor,  and  thus  belongs  to  the 
Australian  province. 

The  Catarhine  Monkeys  are  divided  into  the  three  families 
of  the  Cynopithecida^  Semnopithectda,  and  Anthropomorpha, 

Fam,  I.  CynopithecidcB. — The  Monkeys  included  in  this 
family  (Macaques,  Guenons,  Baboons,  &c.)  possess  cheek- 
pouches  and  natal  callosities.  The  condition  of  the  tail  is 
variable,  being  sometimes  long,  sometimes  short,  or  wanting. 
The  muzzle  is  usually  prominent.  The  fore-limbs  are  longer 
than  the  hind-limbs,  and  the  progression  on  the  ground  is 
quadrupedal,  the  animal  applying  the  soles  of  the  feet  and 
the  palms  of  the  hands  to  the  ground.  The  caecum  has  no 
vermiform  appendix,  and  the  outer  lower  incisors  are  not 
larger  than  the  central  ones. 

Some  of  the  Monkeys  included  in  this  family  are  small,  long-tailed,  and 
comparatively  graceful  animals.  This  is  the  case  with  the  little  African 
Monkeys  known  as  ** Guenons,"  ** Green  Monkeys,"  &c.  (Cercopith€cus\ 
and  the  "Mangabeys,"  [Cercocebus,  fig.  553).  Nearly  related  to  the  pre- 
ceding are  the  *^ Macaques"  {Macacus),  which  are  found  both  in  Anica 
and  over  the  whole  of  Southern  Asia  and  the  Malay  Archipelago,  and  in 
which  the  tail  is  often  short  or  wanting.  Well-known  examples  of  these 
are  the  Rhesus  Monkey  (M.  rhesus)  of  India,  the  Wanderoo  (Af.  siUmu\ 
of  Malabar,  the  common  Macaque  [M,  cynomolgus)  of  Southern  Asia  and 
the  Malay  Archipelago,  and  the  Barbary  Ape  {AL  inuus)  of  North  Africa 
and  the  Rock  of  Gibraltar. 

A  special  group  of  the  Cynopithecida  is  constituted  by  the  Baboons 
{Cynoc€phalus)t  which  are  all  inhabitants  of  Africa  and  Arabia.  The 
Baboons  are  large,  dog-faced  Monkeys,  with  long  muzzles  and  terminal 
nostrils.  The  fore  and  hind  limbs  are  of  nearly  equal  length,  and,  more 
than  any  others  of  the  Monkeys,  they  employ  the  fore-limbs  in  terrestrial 
progression,  running  upon  all-fours  with  the  greatest  ease.  The  supra- 
ciliary  ridges  of  the  skull  are  very  pronounced  (fig.  552),  and  the  canines 
are  of  large  size.  The  natal  callosities  are  large  and  conspicuous,  and  com- 
monly of  some  bright  colour.  Among  the  best  known  of  the  Baboons 
are  the  Mandrill  {Cynocephalus  maimon)  and  Drill  (C.  Uueopkaus)  of 
Western  Africa ;  the  common  Baboon  (C.  papio)  of  Eastern  Africa ;  the 
Chacma  or  Pig-faced  Baboon  (C  porcarius)  of  South  Africa ;  and  the 
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Sacred  Baboon  or  Gray  Baboon  (C  hamadryas)  of  Abyssinia  and  the 
western  littoral  of  Arabia.  Possibly  allied  to  the' Baboons  is  the  genus 
Cynopithfcust  the  only  known  species  of  which  is  found  in  Celebes  and 
the  Philippine  Islands. 


Pis*  553* — Cercocebus  mona,  one-seventh  of  the  natural  size. 

Fam,  2.  SemnopithecidcB, — This  family  comprises  the  Sent- 
nopitheci  of  the  Oriental  province  and  the  Colobi  of  Africa, 
which  have  the  tail  long,  and  possess  natal  callosities,  but 
which  have  no  cheek-pouches.  The  fore-limbs  are  shorter 
than  the  hind-limbs,  and  progression  on  the  ground  is  quad- 
rupedal. The  pollex  is  small,  and  may  be  wanting  altogether. 
The  caecum  is  without  a  vermiform  appendix,  and  the  outer 
lower  incisors  are  not  larger  than  the  central  ones. 

The  genus  Semnopithectis  is  wholly  confined  to  Southeip  Asia  and  the 
Malay  Archipelago,  in  which  regions  it  is  represented  by  a  number  of 
species.  Well-known  forms  are  the  Entellus  Monkey  or  Sacred  Monkey 
of  the  Hindoos  {S,  entellus)^  and  the  Proboscis  Monkey  or  Kahau  {S,  or 
Presbytism  nasalis)  of  Borneo,  in  which  the  nose  is  greatly  prolonged. 
The  genus  Colobus  is  wholly  African,  and  differs  from  SemnopUhecus  in 
the  fact  that  the  pollex  is  wanting. 

Fam,  3.  Anihropomorpha, — The  Anthropomorphous,  or 
Anthropoid,  Apes  included  in  this  section  are  destitute  of  a 
tail  and  of  cheek-pouches,  while  there  are  mostly  no  natal 
callosities.  The  fore-limbs  are  longer  than  the  hind-limbs 
(fig.  554),  and  the  animal  can  progress  in  a  semi-erect  posi- 
tion. The  caecum  has  a  vermiform  appendix,  and  the  outer 
lower  incisors  are  larger  than  the  centraJ  ones,  the  reverse  of 
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this  obtaining  in  the  upper  jaw.    The  sternum  is  broad  and 
flat,  as  it  is  in  Man,  and  they  are  for  this  reason  sometimes 


^ig'  554.— Skeleton  of  the  Gorilla  {Troglodytes  gorillay. 

spoken  of  as  "  Latistemal  Apes."    The  pollex  is  never  rudi- 
mentary, and  is  always  opposable  to  the  other  digits.     The 
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hallux  is  articulated  at  an  angle  to  the  other  digits,  and  is 
opposable.  The  spine  shows  a  single  curve,  and  articulates 
with  the  back  of  the  skull.  The  canines  are  of  large  size, 
especially  in  the  males.  The  muzzle  projects  to  a  greater  or 
less  extent,  and  the  muscular  ridges  of  the  skull  are  usually 
greatly  developed. 

This  group  of  the  Catarhina  includes  the  Gibbons  {Hylo- 
bates)y  the  Orang-utan  (Simla  or  Pithecus\  and  the  Chimpan- 
zee and  Gorillas  (Troglodytes)^  of  which  the  two  former  are 
confined  to  the  Oriental  province,  while  the  latter  are  exclu- 
sively African. 

The  Gibbons  form  the  genus  Ifylobates,  and  inhabit  South-eastern  Asia 
and  the  Indian  Archipelago.  The  arms  are  extremely  long,  and  the  hands 
reach  to  the  ankles,  or  even  to  the  ground,  when  the  animal  stands  in  an 
erect  position.  There  is  no  tail,  but  small  natal  callosities  are  present. 
The  body  is  covered  with  a  thick  fur.  The  sternum  is  wider  than  in  the 
other  Apes,  and  in  one  species  (the  Siamang)  there  is  a  distinct  chin.  The 
largest  of  the  Gibbons  is  the  Siamang  [ff,  syndactylus)^  which  inhabits  the 
Mday  Peninsula  and  Sumatra.  It  derives  its  specific  name  from  the  fact 
that  the  index  and  middle  toes  are  united  by  the  skin  to  the  last  joint. 
Other  well-known  species  are  the  White-handed  Gibbon  {H,  lar)  and  the 
Silvery  Gibbon  (11.  leuctscus). 

In  the  Orang  or  "  Mias  "  (Simia  satyrus)  there  are  neither  cheek-pouches 
nor  natal  caUosities,  and  the  hips  are  covered  with  hair.  As  in  the  Gibbons, 
the  arms  are  excessively  long,  reaching  considerablv  below  the  knee  when 
the  animal  stands  in  an  erect  posture.  The  hind-l^s  are  very  short,  and 
there  is  no  tail.  When  full  grown,  the  Orang  stands  about  four  feet  high. 
It  never  prc^esses  with  the  help  of  a  stick,  or  walks  erect  at  all,  except 
along  the  branches  of  trees,  supporting  itself  by  a  higher  branch,  or  when 
attadced.  When  young,  the  bead  of  the  Orang  is  not  very  different  from 
that  of  an  average  European  child ;  but,  as  the  animal  grows,  the  facial 
bones  become  gradually  produced,  whilst  the  cranium  remains  in  a  toler- 
ably stationary  condition  ;  sreat  bony  ridges  are  developed  for  the  attach- 
ment of  the  muscles  of  the  jaws  and  face  ;  the  incisors  project ;  and  ulti- 
mately the  muzzle  becomes  as  pronounced  and  well-marked  a  feature  as  in 
many  of  the  Camivora  (fig.  555,  A).  The  Orangs  are  inhabitants  of 
Sumatra  and  Borneo.  They  are  arboreal  in  their  habits,  and  form  for 
themselves  a  sort  of  nest  or  shelter  amongst  the  trees.  The  forehead  is 
rounded,  the  cerebrum  is  greatly  convoluted,  and  the  canine  teeth  of  the 
fuU-grown  males  are  very  large. 

The  genus  Troglodytes  contains  the  Chimpanzee  (T,  niger)  and  the 
GoriUa  ( T.  gorilla),  with  some  less  perfectly  known  forms.  The  Chim- 
panzee is  a  native  of  Western  Africa,  extending  its  range  eastwards  to 
Abyssinia.  It  has  the  arms  much  shorter,  proportionately,  than  in  the 
Gibbons  and  Orangs  ;  still  they  are  much  longer  than  the  lund-Umbs,  and 
they  reach  beneath  the  knee  when  the  animal  stands  erect.  The  ears  in 
the  Chimpanzee  are  large,  and  the  body  is  covered  with  dark-brown  hair. 
The  animal  can  stand  erect,  but  the  natural  mode  of  progression  is  on  all- 
fours.  The  hands  are  naked  to  the  wrist,  and  the  face  is  also  naked,  and 
is  much  wrinkled.  The  Chimpanzee  lives  in  society  in  wooded  dbtricts, 
constructs  a  kind  of  nest,  and  can  effectually  defend  itself  against  even  the 
largest  of  its  foes. 


870 


MANUAL  OF  ZOOLOGY. 


The  Gorilla  (  Troglodytes  gorilla)  is  much  larger  than  the  Chimpanzee,  a 
full-grown  male  being  over  five  feet  and  a  half  in  height  Tlie  muzzle  is 
prominent ;  the  supraciliary  ridges  and  sagittal  crest  of  the  skull  are  enor- 


Fig.  555. — A,  Skull  of  the  OniDg-utan.    B,  Skull  of  an  adult  European. 

mously  developed  in  the  old  animal  (Bg.  554) ;  and  the  canines  are  of 
great  size.  The  fore-limbs  are  long,  and  extend  about  to  the  knees  when 
the  animal  stands  erect.  The  palms  and  soles  of  the  feet  are  naked  and 
hairless,  black  in  colour,  the  fingers  rendered  in  appeanmce  shorter  than 
they  really  are  by  the  extension  forwards  of  the  integument  between  thenu 
The  cranial  capacity  is  about  thirty-one  cubic  inches,  that  of  the  average 
European  being  about  ninety-three  cubic  inches,  and  that  of  the  average 
Australian  seventy-five  cubic  inches.  The  Gorilla  is  essentially  arboroil 
in  its  habits ;  and  the  male  builds  a  sort  of  nest  in  a  tree,  in  which  the 
female  brings  forth  its  young.  The  Gorilla  is  an  inhabitant  of  equatorial 
Africa,  and  is  an  enormously  strong  and  ferocious  animal. 

Another  species  of  the  genus  Troglodytes  is  the  Bald-headed  Chimpanzee 
( 7*.  calvus)f  which  is  likewise  found  in  Western  Africa,  and  another  has 
been  described  under  the  name  of  T  Aubryi, 


Man. 

Man  {Homo)  is  distinguished  from  the  other  PrimaUs  by 
his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to  progression  and  to 
supporting  the  weight  of  the  body,  the  foot  being  broad  and 
plantigrade,  with  a  well-developed  "heel."  The  hallux  is 
shorter  than  the  second  digit,  with  which  it  is  placed  in  a 
line,  and  it  is  not  opposable.  The  fore-limb  is  shorter  than 
the  hind-limb,  and  has  nothing  to  do  with  progression,  but 
subserves  prehension.  The  pollex  is  articulated  at  an  angle 
with  the  other  digits,  and  is  not  only  opposable,  but  is  capable 
of  adduction  and  abduction.     The  spine  has  a  double  curve. 
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The  skull  has  the  occipital  condyles  placed  within  its  middle 
fifth,  in  adaptation  to  the  vertical  position  of  the  spine. 
There  is  no  sagittal  crest,  and  the  supraciliary  ridges  are  little 
developed.  The  symphysis  of  the  mandible  has  a  well-marked 
"  mental "  protuberance.  The  sutures  between  the  praemax- 
illae  and  maxillary  bones  are,  normally,  altogether  obliterated. 
The  dentition  consists  of  thirty-two  teeth,  which  form  a 
nearly  even  and  uninterrupted  series^  without  any  diastema  or 
interval.  The  canines  are  not  markedly  larger  than  the 
incisors.    The  dental  formula  is — 

.  2 — 2         I — I       -      2 — 2         'i — % 
2 — 2  I — I  2 — 2  3 — 3 

The  capacity  of  the  brain-case  varies  from  about  fifty  to  over 
a  hundred  cubic  inches,  and  is  never  less  than  forty  cubic 
inches.  The  brain  averages  from  forty-five  to  sixty  ounces  in 
weight,  the  cerebral  lobes  being  proportionately  larger,  and  its 
surface  being  more  abundantly  and  deeply  convoluted  than  is 
the  case  with  any  other  Mammal. 

The  development  of  hair  is,  lastly,  but  partial,  and  Man  is 
the  only  terrestrial  Mammal  in  which  the  body  is  not  provided, 
at  any  rate  on  the  dorsal  surface,  with  a  covering  of  hair. 

By  Cuvier,  Owen,  and  many  other  naturalists,  Man  has 
been  regarded  as  constituting  by  himself  a  distinct  order  of 
Mammals,  to  which  the  name  of  Bimana  has  been  given. 
At  the  present  day,  on  the  other  hand,  it  is  usual  to  regard 
Man,  from  a  purely  zoological  point  of  view,  as  constituting  a 
special  section  {Anthropidci)  of  the  order  Primates, 

With  regard  to  the  distribution  of  Man  in  time^  our  know- 
ledge is  at  present  doubtless  very  defective.  So  far  as  is  cer- 
tainly known,  no  remains  of  Man,  in  the  form  of  bones  or  of 
implements,  have  as  yet  been  detected  in  deposits  of  greater 
age  than  the  Pleistocene  period.  It  is,  however,  certain  that 
Man  existed  in  Western  Europe  in  the  later  half  of  the  Pleisto- 
cene (Post-pliocene)  period,  along  with  a  large  number  of 
Mammals  which  are  now  extinct. 
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ABACTINAL  (Lat.  ab,  away  from ;  Gr.  aktin  or  akiis,  a  ray).  Applied  to  the 
Ride  of  an  Echinoderm  opposite  to  that  on  which  the  month  is  situated. 

Abdohbn  (Lat.  abdo,  I  conceal ;  or  contracted  ft-om  adipomenf  derived  from 
(idqM,  fot).  The  hinder  portion  of  the  body-cavity  of  the  higher  animals, 
containing  the  principal  digestive  and  excretory  organs. 

Abbbrai«t  (Lat  aimrOy  I  wander  away).    Departing  fh)m  the  regular  type. 

Abioosnesis  (Gr.  a,  without ;  Mm,  life ;  genetis,  origin).  Spontaneous  gene- 
ration, or  the  production  of  living  beings  without  pre-existent  life. 

Abnobmal  (Lat  ab,  from;  norma,  a  nile).  Irre^ar;  deviating  fh)m  the 
ordinary  standard. 

Abomasum.    The  fourth  cavity  of  the  complex  stomach  of  the  Ruminants. 

Abobal  (Lat.  ab,  away  from  ;  os,  mouth).  Applied  to  the  side  of  the  body 
opposite  to  that  on  which  the  mouth  is  situated. 

Abbanchiate  (Gr.  a,  without ;  bragchia,  gills).  Destitute  of  gills  or  bran- 
chin. 

Acalbphjb  (Gr.  akalep?U,tL  nettle).  Applied  formerly  to  the  Jelly-fishes  or 
Sea-nettles,  and  other  Radiate  animals,  in  conseqiience  of  their  power  of 
stinging,  derived  from  the  presence  of  microscopic  cells,  called  **  thread- 
cells,"  in  the  integument. 

ACANTHOCEFHALA  (Gr.  akaiUha,  a  thorn;  kephali,  head).  An  order  of 
Scolecids,  in  which  the  head  is  armed  with  spines. 

Acanthohetbina  (Gr.  akantha;  SLudmetra,  the  womb).  A  family  of  Jtadt- 
olaria,  characterised  by  having  radiating  siliceous  spines. 

ACAHTHOPTEBTOii  (Gr.  ahatUha,  spine ;  pterux,  wing).  A  group  of  Bony 
fishes  with  spinous  rays  in  the  front  part  of  the  dorsal  fin. 

AcABiNA  (Gr.  akari,  a  mite).  A  division  of  the  Arachnida,  of  which  the 
Cheese-mite  is  the  type. 

AOEPHALOUS  (Gr.  a,  without;  kephaU,  head).  Not  possessing  a  distinct 
head. 

AcETABULA  (Lat.  OMtobuLum,  a  cup).  The  suckers  with  which  the  cephalic 
processes  of  many  Cephalopoda  (Cuttle-fishes)  are  provided. 

Acetabulum.    The  cup-shaped  socket  of  the  hip-joint  in  Yertebrata. 

AcoNTiA  (Gr.  akovUion,  a  javelin).  Long  filaments,  charged  with  thread-cells, 
attached  to  the  free  edges  of  the  me^enteries  of  Sea-anemones. 

AOBANIATA  (Gr.  a,  without ;  hranion,  skull).  A  division  of  Vertebrates  dis- 
tinguished by  the  absence  of  a  cranium,  and  comprising  only  the  Lancelet. 

AoBABPBDOTE  (Gr,  «,  without ;  kraspedon,  a  fringe).  Applied  to  Jelly-fishes 
{Disccpkora)  in  which  the  mouth  of  the  swimming-bell  is  not  restricted  by  a 
shelf-lOce  "  velum." 

AocBBTiON  (Lat  accresco,  I  grow  larger).  The  process  by  Which  inorganic 
bodies  (such  as  crystals)  grow  laiger,  by  the  adoition  of  fresh  particles  from 
the  outside. 
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AcBiTA  (Gr.  CLkritos,  oonftised).    A  term  sometimes  employed  as  synonymoos 

with  Protozoa,  or  the  lowest  division  of  the  animal  kingdom. 
AOBODONT  (Gr.  akroSf  high ;  odous^  tooth).    Having  the  teeth  anehylosed  with 

the  summit  of  the  alveolar  border  of  the  law. 
ACTINAL  (6r.  aktxn  or  aktis,  a  ray).    Applied  to  the  side  of  the  body  of  aa 

Echinoaerm  on  which  the  mouth  is  situated. 
AonNOHBRKS  (Gr.  aktxn,  a  ray ;  meroty  a  part).    The  lobes  which  are  mapped 

out  on  the  surface  of  the  body  of  the  Ctenophora,  by  the  ctenophoxvs,  or 

comb-like  rows  of  cilia. 
AcrmosOMA  (Gr.  eiktin;  and  soma^  body).    Employed  to  designate  the  entire 

body  of  any  Actitiozo&n,  whether  this  be  simple  (as  in  the  Sea-anemones), 

or  composed  of  several  zooids  (as  in  most  Corals). 
ACTIKOTROCHA  (Gr.  cJUin  ;  trochoSy  wheel).    A  peculiar  type  of  larva  seen  in 

some  Invertebrates  (Phoronia,  &c.)  in  which  inere  is  a  ring  of  cilia  at  each 

end  of  the  body  and  a  circlet  of  tentacles. 
AcTiNOZOA  (Gr.  aktin ;  and  zoSn,  an  animal).    That  division  of  the  Cbstn- 

terata  of  which  the  Sea-anemones  may  be  taken  as  the  type. 
AouLBUS  (Lat.  a  spine  or  sting).    The  "  sting"  of  certain  of  the  HymaiOfUn 

(Bees,  &c.) 
Adductor  (Lat.  additco.  I  bring  together).    The  muscles  which  bring  to- 
gether the  valves  of  the  shell  of  tne  Bivalve  Molluscs  are  known  as  the 

"  adductors." 
Adelarthrosomata  (Gr.  adeloa,  hidden ;  arthros,  joint ;  soma,  body).   An 

order  of  the  ArachnidcL 
Estivation  (Lat  cestivus,  relating  to  summer).   The  summer  torpor  exhibitdd 

by  some  animals  during  the  hot  season  in  wann  countries. 
AoAMio  (Gr.  a,  without ;  gamos,  marriage).    Applied  to  all  forms  of  repro- 
duction in  which  the  sexes  are  not  directly  concerned. 
AoAMOQENBSis.    Any  form  of  non-sexual  reproduction. 
Allaittoidra.    The  ^up  of  Vertebrata  in  which  the  foetus  is  ftmished  with 

an  allantois,  comprising  the  Reptiles,  Birds,  and  Mammals. 
Allantois  (Gr.  allasy  a  sausage).    One  of  the  "  membranes  "  of  the  foetus  in 

certain  Vertebrates. 
Alternation  of  Generations.    The  existence  of  a  roecies  in  two  different 
-  conditions,  the  one  condition  sexless,  the  other  provided  with  reproductive 

organs,  and  each  in  turn  producing  the  other. 
Alveoli  (Lat.  dim.  of  alvus,  belly).    Applied  to  the  sockets  of  the  teeth. 
Ambulacra  (Lat.  ambulacrumy  a  place  for  walking).    The  perforated  spaces 

or  "  avenues  "  through  which  are  protruded  the  tube-feet,  by  means  of  which 

locomotion  is  effected  in  the  EchinodemuUa, 
Ambulatory  (Lat.  ambtUo,  I  walk).    Formed  for  walking.     Applied  to  a 

single  limb  or  to  an  entire  animal. 
Ametabolio  (Gr.  a,  without ;  metaboU,  change).    Applied  to  those  insects 

which  do  not  possess  wings  when  perfect,  and  which  do  not,  therefore,  pass 

through  any  marked  metamorphosis. 
Amnion  (Gr.  amnos,  a  lamb).    One  of  the  foetal  membranes  of  the  higher 

Vertebrates. 
Amniota.    The  group  of  Vertebrata  in  which  the  foetus  is  furnished  with  in 

amnion,  comprising  the  ReptUes,  Birds,  and  Mammals. 
Am(BBa  (Gr.  amoibosy  changing).    A  species  of  Rhizopod,  so  called  from  the 

numerous  changes  of  form  which  it  undergoes. 
AMOBBrFOBM.    Resembling  an  Amoeba  in  form. 

Amorphous  (Gr.  a,  without ;  morphi,  shape).    Not  having  any  definite  iigore- 
Amorfhozoa  (Gr.  a,  without ;  morpfUy  shape ;  zodn,  aninud).    A  name  some- 
times used  to  designate  the  Sgponqes. 
Amphibia  (Gr.  ampniy  both ;  bws,  life).    A  dass  of  the  VertebrcUa  oomprisng 

Frogs,  Newts,  and  the  like,  which  have  always  gills  when  young,  but  alwars 

develop  lungs  when  fully  grown.    Most  of  them,  therefore,  live  indifferently 

on  land  or  in  water. 
Amfhic(EL0U8  (Gr.  amphi,  at  both  ends  ;  koUoSy  hollow).    Applied  to  vezte* 

brae  which  are  concave  at  both  ends. 
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Amphidiscs  (Gr.  amphi,  at  both  ends  ;  diakoa^  n  quoit  or  round  plateX  The 
spicula  which  surround  the  gemmulea  of  Spongilla,  and  resemble  two 
toothed  wheels  united  by  an  axle. 

AuFHioxus  (Gr.  amphif  at  both  ends ;  oonu,  sharp).  The  Lancelot,  a  little 
fish,  which  alone  constitutes  the  order  Fharyngooranchii. 

Amphipkecsta  (6r.  amphi,  both  ;  pneo,  I  breathe).  Applied  to  the  *'  perenni- 
branchiate  "  Amphibians,  which  retain  their  gills  through  life. 

Amphipoda  (Gr.  amphi;  and  jvoti^,  a  foot).    Ail  order  of  Crustacea. 

Ampulla  (Lat.  ampulla,  a  flask).  In  the  Echinoderms  the  ampulln  are  the 
little  reservoirs  attached  to  the  bases  of  the  tube-feet,  and  serving  to  fill 
these  with  fluid. 

Anal.  (Lat.  anus,  the  vent).  Connected  with  the  anus,  or  situated  near  the 
anus. 

Anallantoioea.  The  ^up  of  Vertebraia  in  which  the  embryo  is  not  fur- 
nished with  an  allantois. 

Analogous.    Applied  to  parts  which  perform  the  same  function. 

Anamniota.  The  group  of  Vertetn-ata  in  which  the  embryo  is  destitute  of  an 
amnion. 

Anabthropoda  (Gr.  a,  without ;  artkros,  a  joint ;  potis,  foot).  That  division 
of  AnniUose  animals  in  which  there  are  no  articulated  appendages. 

Anchylosis  or  Ankylosis  (Gr.  ankulos,  crooked).  The  union  of  two  bones 
by  osseous  matter,  so  that  they  become  one  bone,  or  are  immovably  joined 
together. 

Androotnous  (Gr.  anSTf  a  man;  gungf  a  woman).  Synonymous  with  her- 
maphrodite, and  implying  that  the  two  sexes  are  united  m  the  same  indi- 
vidual 

Androphobbs  (Gr.  anir,  a  man ;  phero,  I  carry).  Applied  to  medusiform 
eonophores  of  the  Hydrotoa,  which  carry  the  spermatozoa,  and  differ  in  form 
from  those  in  which  the  ova  are  developed. 

Annelida  (a  Gallicised  form  of  Annvlata).  The  Ringed  Worms,  which  form 
one  of  the  divisions  of  the  Anarthropoda, 

Annulatbd.    Composed  of  a  succession  of  rings. 

Annuloba  (Lat.  annuluSf  a  ring).  The  sub-kingdom  comprising  the  Scolecids, 
the  Worms,  and  the  Articulate  animals. 

Anomodontia  (Gr.  anomoSf  irregular;  od<ms,  tooth).  An  extinct  order  of 
Reptiles,  often  called  DUsynodcmHa. 

Anomuba  (Gr.  anomos,  irregular  ;  oura,  tail).  A  tribe  of  Decapod  Crustaceay 
of  which  the  Hermit-crab  is  the  type. 

Anoplura  (Gr.  anoplos,  unarmed ;  ouraf  tail).    An  order  of  Apterous  Insects. 

Anoura  or  Anura  (Gr.  o,  without ;  oura,  tail).  The  order  of  Amphibia  com- 
prising the  Frogs  and  Toads,  in  which  the  adult  is  destitute  of  a  tail.  Often 
called  Batrachia, 

Antenna  (Lat.  antenna,  a  yard-arm).  The  jointed  horns  or  feelers  possessed 
by  the  majority  of  the  ArticuUUa. 

Antennules  (dim.  of  antennai).  Applied  to  the  smaller  pair  of  antennae  in 
the  Crustacea. 

Anthropoid  (Gr.  anthrOpos,  man ;  eidos,  form).    Resembling  man. 

Anthbopomobphous  (Gr.  anthrOpos,  man  ;  morphi,  shape).  Resembling  man 
in  form. 

Antibbachium  (Gr.  anti,  in  front  of ;  Jmichion,  the  arm).  The  fore-arm  of 
the  higher  Vertebrates,  composed  of  the  radius  and  ulna, 

Antlbbs.  Properly  the  brancnes  of  the  horns  of  the  Deer  tribe  (Ceroidce),  but 
genendly  applied  to  the  entire  horns. 

Antlia  (lit  antlia,  a  pump).  The  spiral  trunk  or  proboscis  with  which  But- 
terflies and  other  Lepidopterous  Insects  suck  up  the  juices  of  flowers. 

Aphanifteba  (Gr.  aphanos,  inconspicuous;  pteron,  a  wing).  An  order  of 
Insects  comprising  the  Fleas. 

Aplacentalia.  The  section  of  the  Mammalia^  comprising  the  two  divisions 
of  the  Diddphia  and  Monodelphia,  in  which  the  young  is  not  furnished 
with  a  placenta. 

Apoda  (Gr.  a,  without;  pedes,  feet).    Applied  to  those  fishes  vrhich  have  no 
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ventral  fins.    Also  to  the  footless  OcBetUoB  amongst  the  Amphibia.    Also  to 

those  Holothnrians  which  have  no  tube-feet. 
Apodal.    Devoid  of  feet 
Apodbmata  (Gr.  apodaiOf  I  portion  off).    Applied  to  chitinons  septa  which 

divide  the  tissues  in  Crustacea,  and  to  which  muscles  are  attached. 
Afboctous   (Gr.   a,   without;  prdktos,  the   anus).      Not   having   an   anml 

opening. 
Afteba  (Gr.  Oj  without;  pteron,  a  wing).    A  division  of  Insects,  which  la 

characterised  by  the  absence  of  wings  in  the  adult  condition. 
Apterous.    Devoid  of  wings. 

Aptertz  (Gr.  a,  without ;  pUrux,  wing).    A  genus  of  Ratite  Birds. 
Aquiferous  (Lat.  aqwiy  water ;  /«ro,  I  carry).    Water-bearing:  applied  to  all 

vessels  or  canals  by  which  water  is  distributed  through  an  organism. 
Arachnida  (Gr.  arachnid  a  spider).    A  class  of  the  Articulata^  comprisxiig 

Spiders,  Scorpions,  and  allied  animals. 
ARANsroA  (Lat  araneOt  a  spider).    The  order  of  Arachnida,  comprising  the 

true  Spiders. 
Arboresoent.    Branched  like  a  tree. 
Aroh^ooptertx  (Gr.  archaiot,  ancient;  pUrux^  wing).     The  singular  fossil 

bird  which  alone  constitutes  the  order  of  the  Sawntrce, 
Arohencefhala  (Gr.  archo,  I  overrule ;  egkephalosy  brain).    The  name  ap- 
plied by  Owen  to  his  fourth  and  highest  group  of  Mammalia,  comprisiiig 

Man  alone. 
Arenaceous.    Sandy,  or  composed  of  grsins  of  sand. 
Arthrofoda  (Gr.  arlhroa,  joint;  poaes,  feet).    The  division  of  Annulomt^ 

comprising  the  Crustaceans,  Myriopods,  Arachnids,  and  Insects,  in  all  of 

which  jointed  or  articulated  limbs  are  normally  present 
Articulata  (Lat  articulua,  a  joint).    The  Artkrqpoda  are  often  spoken  of  as 

Articulata  or  "Articulate  animals." 
Artiodagttla  (Gr.  artios,  even ;  daktvlos,  a  finger  or  toe).    A  division  of  the 

hoofed  quadrupeds  {Ungulaia)  in  which  each  foot  has  ad  even  number  of 

toes  (two  or  four). 
AsciDioiDA  (Gr.  aaJeoSf  a  wine-skin  or  bottle ;  eiAos.  form).    A  name  some- 
times given  to  the  Tunicates,  the  simple  forms  of  wnich  have  the  shape  of  a 

two-necked  bottle. 
Asexual.    Applied  to  modes  of  reproduction  in  which  the  sexes  are  not 

concerned. 
AsiPHONATE.     Not  possessing  a  respiratory  tube  or  siphon.     Applied  to  a 

division  of  the  Lamellibran^iate  Molluscs. 
Asteroid  (Gr.  asttr^  a  star;  and  eidoa,  form).    Star-shaped,  or  possessing  radi- 
ating lobes  or  rays  like  a  Star-fish. 
Asterqidea.    An  order  of  EchinodemauUa^  comprising  the  Star-fishes,  char- 
acterised by  their  rayed  form. 
AsTOHATOus  (Gr.  a,  without ;  atoma^  mouth).    Not  possessing  a  mouth. 
Atlas  (Gr.  the  god  who  holds  up  the  earth).    The  first  vertebra  of  the  neck, 

which  articulates  with  and  supports  the  skull. 
Atrium  (Lat  a  hall).    Applied  to  the  great  chamber  or  "  cloaca,"  into  which 

the  intestine  opens  in  the  Tunicata,    Also  applied  to  the  auricular  division 

of  the  heart. 
Aurelia  (Lat  aummy  gold).    Applied  to  the  chrysalides  of  some  LepidopUrOy 

on  account  of  their  exnibiting  a  golden  lustre. 
Auricle  (Lat.  dim.  of  auris^  ear).    Applied  to  one  of  the  cavities  of  the  heait, 

by  which  blood  is  driven  into  the  ventricle. 
AuRicULARiA.     The  barrel-shaped  larva  of  the  Holothnrians,  in  which  the 

body  is  furnished  with  transverse  belts  of  cilia. 
AuTOPHAGi  (Gr.  autosy  self;  phaao,  I  eat).    Applied  to  birds  whose  young 

can  run  about  and  obtain  food  ror  themselves  as  soon  as  they  escape  from 

theecg. 
AVBS  (Lat  avis,  a  bird).    The  class  of  the  Birds. 
AvicuLARiUM  (Lat.  avicula,  dim.  of  avis,  a  bird).    A  modified  zofiid,  often 

shaped  like  the  head  of  a  bird,  found  in  many  of  the  Polyma. 
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Axis  (Gr.  axSn,  a  pivot).    The  second  vertebra  of  the  neck,  upon  which  the 

skull  and  atlas  usually  rotate. 
AzTQons  (Gr.  a,  without ;  zugon,  yoke).    Single ;  without  a  fellow. 

Bactxbium  (Gr.  hakierionf  a  staff).    A  microscopic  organism  occuiring  in  fluids 

containing  organic  matter,  and  having  a  staff-shaped  form. 
Balanorbs.    The  knobbed  filaments  which  represent  the  hinder  pair  of  wings 

in  Dipterous  insects. 
BALAmDM  (Gr.  balanos.  an  acorn).    A  feunily  of  sessile  Cirripedes,  commonly 

called  "Acorn  shells. ' 
Balbbn  (Lat  balcmctf  a  whale).'  The  homy  plates  which  occupy  the  palate  of 

the  "whalebone "  Whales. 
Batidbs  (Gr.  batoa,  a  bramble).    The  family  of  the  Elatmobranehti  comprising 

the  Rays. 
Batbaohia  (Gr.  bcUrachos,  a  firog).    Often  loosely  applied  to  any  of  the  Am- 

phibia,  but  sometimes  restricted  to  the  Amphibians  as  a  class,  or  to  the 

single  order  of  the  Anoura, 
Bblevnitidje  (Gr.  belenmon,  a  dart).    An  extinct  poup  of  Dibranchiate  Cepha- 

lopods,  comprising  the  Belemnites  and  their  allies. 
BiOAViTABT  (Lat  bu,  twioe ;  cavuSj  hollow).    Consisting  of,  or  possessing,  two 

cavities. 
Bifid.    Cleft  into  two  parts ;  forked. 
BiLATEBAL.    Having  two  symmetrical  sides. 
BiMANA  (Lat.  his,  twice ;  manitf,  hand).     Applied  as  an  ordinal  name  to 

Man,  in  contradistinction  to  the  other  PrimaUa  {Q^adrumana), 
Bipedal  (Lat.  Ms,  twice ;  pea,  foot).    Walking  upon  two  legs. 
BiPiNNABiA  (Lat.  &u,  twice ;  pinna,  a  feather).    A  form  of  larva  in  the  Star- 
fishes which  has  ciliated  sid^-lappiets. 
BmAMons  (Lat.  bis,  twice ;  ramtu.  a  branch).    Applied  to  a  limb  which  is 

divided  into  two  branches  {e.g.,  the  limbs  of  Ciiripedes). 
BiYALYB  (Lat.  bis,  twice ;  vaJvoe,  folding-doors).    Composed  of  two  plates  or 

valves ;  applied  to  the  shell  of  the  LaTnellibranchiata  and  Brachiopoda,  and 

to  the  carapace  of  certain  Crustacea. 
Blastema  (Gr.  hUtsUma,  a  germ,  or  growing  thing).    A  mass  of  living  matter 

in  an  actively  growing  condition. 
Blastoderm  (Gr.  blastoa,  a  bud  ;  derma,  skin).    The  region  in  the  sclented 

ovum  ("germinal  area")  which  subsequently  becomes  converted  into  the 

embryo. 
Blastoidba  (Gr.  hUutos,  a  bud ;  and  eidos,  f  oim).    An  extinct  order  of  Echi- 

TUxUrmoita,  often  called  Pentremites. 
Blastopore.  The  primitive  mouth-opening  formed  in  a  double-layered  em- 
bryo ("gastrula'^  by  the  invagination  of  the  wall. 
Blastosphere.  The  form  of  segmented  ovum  in  which  the  cells  arrange  them- 
selves in  such  a  way  as  to  enclose  a  central  space  ("  segmentation-cavity  "). 
Blastosttle  (Or.  blastos,  a  bud ;  and  siulos,  a  column).    Applied  bjr  Prof. 

Allman  to  certain  oolumniform  zo^ids  in  the  ffydrazoa,  which  are  destined  to 

bear  generative  buds. 
Braohiolabia  (Gr.  brachion,  arm).    A  form  of  larva  in  the  Star-fishes  which 

is  furnished  with  long,  movable,  arm-like  pn 


Bbaohiopoda  (Gr.  brachion,  arm :  podes,  feet).  A  class  of  Mollusooid  ani- 
mals ("  Lamp-shells."  &o.),  in  which  the  mouth  is  furnished  with  two  spi- 
rally-ooiled,  drratea  processes  or  "  arms." 

Bbachium  (Gr.  brachion,  arm).    Applied  to  the  upper  arm  of  Vertebrates. 

Bbaobtuba  (Gr.  braehtis,  short ;  owra,  tail).  A  tribe  of  the  Decapod  Ormta^ 
ceana,  with  short  tails  {i.e,,  the  Crabs). 

Bbactb.    {See  Hydrophyllia.) 

BBADTFODiDiB  (Gr.  brodus,  slow;  podes,  feet).  The  fiunily  of  Edentata  com- 
prising the  Sloths. 

Bbanohia  (Gr.  bragehia,  the  gill  of  a  fish).  A  respiratory  oigan  adapted  to 
breathe  air  dissolved  in  water. 

Bbanohiate.    Possessing  gills  or  branchies. 

3K 
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Branchifiera  (Gr.  bragehia^  gill ;  vji^pkerOj  I  carry).  A  division  of  OtLstro- 
podous  MoUiucSf  in  which  the  respiratioii  is  aquatic,  and  the  resptratorT 
organs  are  mostly  in  the  form  of  distinct  gills. 

BRANcmooASTBOPOD  A  ( = Branchifera ). 

BRANcmopODA  (Gr.  bragchia ;  and  pons,  foot).  A  legion  of  Crusiaeea^  in 
which  the  gills  are  supported  by  the  feet. 

Branchiosteoal  (Gr.  bragchia^  gill ;  stegOf  I  cover).  Applied  to  a  membrane 
and  rays  by  which  the  gills  are  protected  in  many  fishes. 

BRBvnjNGUiA  (Lat  brevis,  short ;  lingua^  tongne).  A  division  of  the  Lacer- 
tilia, 

BREYiPBNNATiB  (Lat.  hrevUf  short ;  pewna,  a  wing).  A  group  of  the  Natato- 
rial Birds. 

Bronohi  (Gr.  brogckos,  the  windpipe).  The  branches  of  the  windpipe 
{trachea),  by  which  the  air  is  conveyed  to  the  vesicles  of  the  lung. 

BRONTOTHBRiDJi  {Qt.  BrofUes,  the  name  of  a  giant;  thericn,  beast).  An 
extinct  order  of  Tertiary  Mammals. 

Bruta  (Lat.  bnttus,  heavy,  stupid).  Often  used  to  designate  the  Mammalian 
order  of  the  Edentata, 

Brtozoa  (Gr.  bruon,  moss ;  zodn,  animal).  A  synonym  of  Polyzoa,  a  class  of 
the  MoUuBCoida, 

BuocAL  (Lat.  hucca,  mouth  or  cheeks).    Connected  with  the  month. 

BuRSiFORM  (Lat  bursa,  a  purse ;  forma,  shape).  Shaped  like  a  purse ;  sub- 
spherical. 

Btssifebous.    Producing  a  bysfius. 

Byssus  (Gr.  bunas,  flax).  A  term  applied  to  the  silky  filaments  by  which  the 
Pinna,  the  common  Mussel,  aud  certain  other  Bivalve  MoUttsca,  attach 
themselves  to  foreign  objects. 

Caducibrai^chiate  (Lat  caducus,  falling  off ;  Gr.  bragchia,  gill).    Applied  to 

those  Amphibians  in  which  the  gills  fall  off  before  maturity  is  reacheidL 
Caducous.    Applied  to  parts  which  fall  off  or  are  shed  during  the  life  of  the 

animal. 
C^CAL  (Lat.  coecus,  blind).    Terminating  blindly  or  in  a  closed  extremity. 
CecuM  (Lat  axcus).    A  tube  which  terminates  blindly. 
Cbspitose  (Lat  casspes,  a  turf).    Tufted. 
Cainozoic.    {See  Eainosoic.) 
Calcar  (Lat.  a  spur).    Api)lied  to  the  "spurs  "  of  Baaorial  Birds ;  and  also 

to  the  rudiments  of  the  hind-limbs  in  certain  snakes. 
Calcareous  (Lat.  calx,  lime).    Composed  of  carbonate  of  lime. 
Calice.    The  little  cup  in  which  the  gajstric  sac  of  the  polype  of  a  coral- 

ligenous  Zoophyte  {ActinoxoSn)  is  contained. 
CALTCOPHORiDiE  (Gr.  kolux,  a  cup ;  and  phero,  I  carry).    An  order  of  the 

Oceanic  Hydrozoa,  so  called  firom  their  possessing  bell-shaped  swinuning 

organs  {neciocalyces). 
Caltptoblastio  (Gr.  kaZuptos,  covered;  and  blastos,  a  bud).    Applied  by 

Prof.  Allman  to  those  Hydrozoa  in  which  the  nutritive  or  generative  buds 

are  provided  with  an  external  protective  receptacle. 
Caltx  (Lat  calyx,  a  cup).    Applied  to  the  cup-shaped  body  of  VorUeeBa 

{Protozoa),  or  of  a  Crinoid  {JSchinodermataj. 
Campanularida  (Lat.  campanula^  a  bell),    A  group  of  Hydroid  Zoophytes. 
Canine  (Lat  canis,  a  dog).    The  eye-tooth  of  Mammals,  or  the  tooth  which 

is  placed  at  or  close  to  the  prsemaxillary  suture  in  the  upper  jaw,  and  the 

corresponding  tooth  in  the  lower  jaw. 
Capttulum  (Lat.  dim.  of  caput,  head).    Applied  to  the  body  of  a  Bamack 

{Lepadidce),  from  its  being  supported  upon  a  stalk  or  peduncle. 
Carapace.    A  protective  shield.    Applied  to  the  upper  shell  of  Crabs,  Lob- 
sters, and  many  other  Cfmstacea  ;  also  to  the  case  with  which  certain  of  the 

Infusoria  are  provided.    Also  the  upper  half  of  the  immovable  case  in  which 

the  body  of  a  Chelonian  is  protected. 
Carinata  (Lat.  carina,  a  keel).    The  division  of  Birds  in  which  the  sternum 

is  furnished  with  a  median  ndge  or  keel. 
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Carnivora.  (Lat.  caro,  flesh ;  voro,  I  devour).    An  order  of  the  Mammalict, 

Cabnitorous  (Lat.  carOf  flesh  ;  voro,  I  devour).    Feeding  upon  flesh. 

Cabnosb  (Lat.  caro).    Fleshy. 

Carpophaqa  (Or.  karpos,  fruit;  phago,  I  eat).  A  section  of  the  Mwrtu- 
pialia. 

Carpus  (Gr.  karvos^  the  wrist).  The  small  bones  which  intervene  between  the 
fore-arm  and  tne  metacarpus. 

Catarhina  (Gr.  kata^  downwards ;  rhineSf  nostrils).  The  Old  World  Monkeys, 
so  called  from  the  form  of  the  nostrils. 

Caudal  (Lat  cattda,  the  tail).    Belonging  to  the  tail. 

Catioornia  (Lat.  cavus.  hollow;  comuy  a  horn).  The  '* hollow-homed" 
Ruminants,  in  which  tne  horn  consists  of  a  central  bony  *'  horn-core  "  sur- 
rounded by  a  homy  sheath. 

Cell.  A  mass  of  protoplasm  surrounded  by  an  eztemal  *'wall,"  and  con- 
taining a  *^  nucleus  "  in  its  interior. 

Centrum  (Gr.  kentron,  the  point  round  which  a  circle  is  described  by  a  pair  of 
compasses).    The  central  portion  or  *'  body  "  of  a  vertebra. 

Cephalio  (Gr.  kephaU,  head).    Belonging  to  the  head. 

Cephalobranchiatb  (Gr.  kephaU;  and  bragchia,  gill).  Carrying  gills  upon 
the  head.  Applied  to  a  section  of  the  Attnelida,  which,  like  the  SerpuiUe, 
have  tufts  of  external  eills  placed  upon  the  head. 

Cephalophora  (Gr.  kepnali  ;  and  phero,  I  carry).  Used  synonymously  with 
Encephala,  to  designate  those  AtoUusca  which  possess  a  distinct  head. 

Cephalopoda  (Gr.  kephaU;  and  ^^es,  feet).  A  class  of  the  MoUuaca,  com- 
prising the  Cuttle-fishes  and  theur  allies,  in  which  there  is  a  series  of  arms 
ranged  round  the  head. 

Cbphalothorax  (Gr.  kephali,  head ;  thorax,  chest).  The  anterior  division  of 
the  body  in  many  Crustaceans,  and  in  the  Arachntda,  which  is  composed  of 
the  coalescent  segments  of  the  head  and  thorax. 

Cercarhform  (Lat.  eercaria,  a  tailed  animalcule ;  and  formaf  shape).  Cer- 
carta  (Gr.  kerkos,  tail)  is  the  name  of  a  tadpole-shaped  animaJcule ;  and  the 
epithet  "  cercariiform"  is  applied  to  all  organisms  of  a  similar  shape  {e.g., 
the  larval  Tunicates). 

Cere.    The  naked  space  found  at  the  base  of  the  bill  of  some  birds. 

Cervical  (Lat.  cermx,  neck).     Connected  with  the  region  of  the  neck. 

Cestoidba  (Gr.  kesioi,  a  girdle).  A  name  for  the  T(eniada,  a  class  of  intes- 
tinal worms  with  flat  bodies  like  tape  (hence  the  name  Tape-worms). 

Cestraphori  (Gr.  kestra,  a  weapon ;  phero,  I  carry).  The  group  of  Elagmo- 
branchii  represented  at  the  present  day  by  the  Port  Jackson  Shark. 

Cetacba  (Gr.  kitos,  a  whale).  The  order  of  Mammals  comprising  the  Whales 
and  Dolphins. 

CafiTOGNATHA  (Gr.  ehaiU,  bristle ;  gnathos,  jaw).  An  order  of  the  Anarthro- 
poda,  comprising  only  the  oceanic  genus  Sagitta, 

Ch-btophora  (Gr.  ckaitS ;  phero,  I  carry)  or  Ch-STOPOda.  Applied  as  a  com- 
mon name  to  the  Tubicolous  and  E^rrant  Annelides,  both  of  which  have 
bristle-bearing  foot-tubercles,  together  with  the  Earth-worms  and  their  allies 
{Oligochceta),  which  have  locomotive  bristles. 

Cheiroptera  (Gr.  cheir,  hand ;  pteron,  a  wing).  The  order  of  Mammals  com- 
prising the  Bats. 

Chbue  (Gr.  chilS,  a  claw).  The  pincers  or  prehensile  daws  with  which  some 
of  the  limbs  are  terminated  in  certain  Arthropods  (Lobstor,  Crab,  Scorpion, 
&c.) 

Chelate.    Possessing  chela ;  applied  to  a  limb. 

Cheucbra  (Gr.  cheU,  a  claw ;  keras,  a  hom,  or  antenna).  Applied  generally 
to  the  first  pair  of  cephalic  appendages  of  the  Scorpion,  which  have  the  form 
of  chelffi  and  are  supposed  to  represent  the  antenns  of  the  other  Arthropods. 
Sometimes  used  in  a  wide  sense  for  the  first  pair  of  cephalic  appendages  in 
the  Arachntda,  whatever  their  form  may  be. 

Chelonia  (Gr.  chelonS,  a  tortoise).  The  order  of  Reptiles  comprising  the  Tor- 
toises and  Turtles. 

Chevron-bones  (Fr.  chevron,  a  rafter).    V-shaped  bones  (hnmal  arches), 
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placed  below  the  caudal  vertebne  and  protecting  the  backward  oontinnatum 
of  the  aorta. 

Cheybotains  (Fr.  Mvre,  a  goat).  The  little  Ruminants  which  fofrm  the  group 
of  the  Tragvlidce, 

Chilognatha  (Gr.  cheUoa,  a  lip ;  and  gnathos,  a  jaw).  An  order  of  the  My- 
Hopoda. 

Chilofoda  (Gr.  cheilos  ;  and  pedes,  feet).    An  order  of  the  Myriopoda. 

Chitine  (Gr.  chiton,  a  coat).  The  peculiar  substance,  nearly  allied  to  horn, 
which  forms  the  exoskeleton  in  many  Invertebrate  animals,  especially  in  the 
Arthmpoda  {Cnutacea,  Iruecta,  &c.) 

Chlorophyll  (Gr.  chloros,  green ;  and  phuUon,  a  leaf).  The  green  oolomiog 
matter  of  plants. 

Chordata  (Lat.  chorda,  a  string).  Applied  as  a  general  name  to  the  Verte- 
Intites,  from  their  possession  of  a  notochord. 

Chromatophorbs  (Gr.  chroma^  complexion,  or  colour ;  and  pkero,  I  carry). 
Little  sacs  which  contain  pi^ient-granuleSi  and  are  found  in  the  integument 
of  Cuttle-fishes  and  other  animals. 

Chrtsalib  (Gr.  chrusos,  gold).  The  motionless  pupa  of  butterflies  and  moths, 
so  called  because  sometimes  exhibiting  a  golden  lustre. 

Chylaqubous  fluid,  a  fluid  consistins  partly  of  water  derived  from  the  ex- 
terior, and  partly  of  the  products  of  digestion  (chyle),  occupying  the  body- 
cavity  or  perivisceral  space  in  many  Invertebrates  {Annelias,  JBckinoderms, 
kc.),  and  sometimes  having  a  special  canal-system  for  its  conduction  (chly- 
aqueous  canals). 

Chtle  (Gr.  chtUos,  juice).  The  milky  fluid  which  is  the  result  of  the  action  of 
the  various  digestive  fluids  upon  the  food. 

Chtlific  (Gr.  mulos,  juice  [chyle] ;  and  Lat  fado,  I  make).  Producing  chyle. 
Applied  to  one  of  the  stomachs,  when  more  than  one  is  present.  The  word 
is  of  mongrel  origin ;  and  **  chylopoietic"  is  more  correct. 

Chtmb  (Gr.  chumos,  juice).  The  acid  pasty  fluid  produced  by  the  action  of  the 
gastric  juice  upon  the  food. 

Chtme-mass.  a  term  sometimes  applied  to  the  central,  semi-fluid  sarcode  in 
the  interior  of  an  In/usorian. 

Cilia  (Lat.  cilium,  an  eyelash).  Microscopic,  hair-like  filaments,  which  have 
the  power  of  lashing  backwards  and  forwards,  thus  creating  currents  in  the 
surrounding  or  contiguous  fluid,  or  subserving  locomotion  in  the  animal 
which  possesses  them. 

CnJOORADA  (Lat.  cilium  ;  and  gradior,  I  walk).  Synonymous  with  Ctenophora, 
an  order  of  Actinozoa. 

Cinclidbs  (Gr.  kigklxs,  a  lattice).  Special  apertures  in  the  column  walls  of 
some  Sea-anemones  [Actinida),  which  probably  serve  for  the  emission  of  the 
cord-like  "craspeda." 

Cinoulum  (Lat.  a  girdle).  Applied  to  any  belt-like  ridse.  In  a  restricted 
sense,  used  instead  of  "clitellum"  to  indicate  the  thickened  region  of  the 
body  of  an  Earth-worm  or  Leech,  which  is  connected  with  the  reproductive 
act 

Cirri  (Lat.  cirrus,  a  curl).  Tendril-like  appendages,  such  as  the  feet  of  Bar- 
nacles, and  Acorn-shells  {Cirripedes),  the  lateral  processes  on  the  arms  of 
Brackiopoda,  &c. 

Cirriferous  or  Cirrioerous.    Carrying  cirri. 

CiRRiPEDiA,  Cirrhipedia,  or  CiRRHOPODA  (Lat.  cimts,  a  curl ;  and  /mi,  a 
foot).    A  division  of  Crustacea  with  curled  jointed  feet. 

CiRROSTOMi  (Lat.  cimUj  a  tendril ;  Gr.  stoma,  mouth).    Sometimes  used  to 

designate  the  Pharyngdbranchii. 
Cladocera  (Gr.  klados,  a  branch ;  ixras,  a  honi).    An  order  of  Cnutaeea 

with  branched  anteniue. 
Clay  ate  (Lat.  clamts,  a  club).    Club-shaped. 
Clavicle  (Lat  clavicula,  a  little  key).    The  "collar-bone,"  forming  one  of 

the  elements  of  the  pectoral  aruh  of  Vertebrates. 
Clitellum  or  Clitellus  (Lat.  clitellce,  a  pack-saddle).    A  thickened  region  of 
the  body  of  ceitain  Annelides  connected  with  the  act  of  reproduction. 
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Gloaoa  (Lat  a  sink).  The  cavity  into  which  the  intestine  and  the  ducts 
of  the  generative  glands,  and,  when  present,  of  the  urinary  oigana,  open 
in  common  in  some  Invertebrates  (e.y.,  in  Insects),  and  also  in  many  V^te- 
hrate  animals. 

Cltpufobm  (Lat  clypeus,  a  shield ;  and  forma,  shape).  Shield-shaped ; 
applied,  for  example,  to  the  carapace  of  the  King-crab. 

Cnidje  (Gr.  knidif  a  nettle).  The  urticating  cells  or  "  thread-cells,"  whereby 
many  CcdetUercUe  animals  obtain  their  power  of  stinging. 

CoGCTOEAL.    Connected  with  the  coccyx. 

CoccTZ  (Gr.  kokkux^  a  cuckoo).  The  terminal  portion  of  the  spinal  column 
in  man,  so  called  from  its  fancied  resemblance  to  a  cuckoo's  beak. 

Cocoon  (French,  cocim,  the  cocoon  of  the  silk-worm ;  connected  with  Fr. 

X,  shell,  wnich  is  derived  from  the  Lat.  concha).  The  outer  covering  of 
hairs  with  which  the  pupa  or  chrysalis  of  many  insects  is  protected. 
The"  chitinous  capsules  in  which  Leeches  and  Earth-worms  deposit  their 
eggs.    The  silken  cases  which  Spiders  weave  for  their  eggs. 

CODONO8TOMA  (Gr.  kodon,  a  bell ;  «toma,  mouth).  The  aperture  or  mouth  of 
the  disc  (nectocalyx)  of  a  Medusa,  or  of  the  bell  (gonocalyx)  of  a  medusi- 
form  gonophore. 

CiSLRNTERATA  (Gr.  A:oi2o5,  hollow ;  erUeron,  the  bowel).  The  sub-kingdom 
which  comprises  the  uydrozoa  and  Actinozoa.  Proposed  by  Frey  and 
Leucknrt  in  place  of  the  old  term  Jiadiaia,  which  included  other  animals 
as  well. 

C<ELOMA  (Gr.  koilos,  hollow).    The  proper  body-cavity  of  the  higher  animals. 

C<ENEI7CHTMA  (Gr.  hoinos,  common ;  eTidamia,  tissue— literally,  an  infosion). 
The  common  calcareous  tissue  which  unites  together  the  various  corallites 
of  a  compound  corallum. 

CcENOBCiUM  (Gr.  koinos,  common ;  oiios,  house).  The  entire  dermal  system 
of  any  PolyzoSn  ;  employed  in  place  of  the  termspolyzoary  or  polypidom. 

CcENOSARC  (Gr.  hoifiot,  common ;  sarx,  flesh).  The  common  organised  me- 
dium by  which  the  separate  zooids  of  a  compound  Coelenterate  animal  are 
connected  together. 

CcENOSTEUM  (Gr.  koinos,  common ;  otieon,  bone).  .  The  skeleton  produced  by 
the  Hydrocorallines  and  Stromatoporoids. 

COLBOFTBRA  (Gr.  koUos,  a  sheath ;  pUron,  wing).  The  order  of  Insects 
(Beetles)  in  which  the  anterior  pair  of  wings  are  hardened,  and  serve  as 
protective  cases  for  the  posterior  pair  of  membranous  wings. 

CoLLEMBOLA  (Gr.  koUa,  glue ;  embotos,  a  sharp  beak  or  pointed  projection). 
An  order  of  Apterous  insects  furnished  with  an  adhesive  ventral  process. 

Colloid  (Gr.  kotlaf  glue;  eidos,  form).  Glue-like.  The  " colloids " are  those 
substances  which,  like  albumen,  will  not  pass  through  the  pores  of  an  animal 
membrane,  or  do  so  with  great  difficulty. 

CoLLOZOA  (Gr.  kolUiy  glue ;  zoa^  animals).    A  group  of  Radiolarians. 

COLUBRINA  (Lat.  coluber,  a  snake).    A  division  of  the  C^hiditL 

CoLUMBACBi  (Lat.  columba,  a  dove).  The  division  of  Birds  comprising  the 
Doves  and  Pigeons. 

Columella  (Lnt.  dim.  of  columna,  a  column).  In  Conchology,  the  central 
axis  round  which  the  whorls  of  a  spiral  univalve  are  wound.  Amongst  the 
Actinozoa^  it  is  the  central  axis  or  pillar  which  is  found  in  the  centre  of  the 
visceral  chamber  of  many  corals.  In  the  skull  of  the  Lisards,  it  is  the  rod- 
like bone  which  runs  from  the  parietal  to  the  pterygoid. 

Column.  Applied  to  the  cylindrical  body  of  a  Sea-anemone  {Actinia) ;  also 
to  the  jointed  stem  or  peduncle  of  the  stalked  Orinoidt, 

Commensal  (Lat.  cum,  with  ;  mensa,  table).  Living  at  the  same  table  with ; 
a  messmate :  Applied  to  animals  which  live  on  or  in  other  animals  for  part 
or  the  whole  of  their  life,  simply  sharing  the  food  of  their  host,  without 
being  parasitic  on  him. 

Commissural  (Lat  committo,  I  solder  together).  Connecting  together ;  usually 
applied  to  the  nerve-fibres  which  unite  different  ganglia. 

Concha  (Lat  a  shell).  The  external  ear,  by  which  sounds  are  collected  and 
transmitted  to  the  internal  ear. 
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CoNcmFERA  (Lat.  canchay  a  shell ;  fero,  I  carry).  Shell-fish.  Applied  in  a 
restricted  sense  to  the  Bivalve  Molluscs,  and  used  as  a  synonym  for  Lantelii- 
branchiata. 

Condyle  (Gr.  hoTidulos,  a  knuckle).  The  surface  b^  which  one  bone  articu- 
lates with  another.  Applied  especially  to  the  articular  surface  or  sarfaces 
by  which  the  skull  articulates  with  the  vertebral  column. 

CoxntosTRAL  (Lat  cormSf  a  cone ;  rostrum,  a  beak).  Applied  to  the  conical 
beak  of  certain  Perching  Birds. 

Conjugation.  The  coalescence  of  two  separate  masses  of  protoplasm,  fol- 
lowed by  subdivision  and  the  production  of  germs. 

COPKPODA  (Gr.  kopS,  an  oar ;  podes.  feet).    An  order  of  Crustaeea. 

CoRACOiD  (Gr.  koraXf  a  crow;  eidos,  form).  A  separate  bone  which  enters 
into  the  composition  of  the  pectoral  arch  in  Birds,  Reptiles,  and  Mono- 
tremes.  In  most  Mammals  it  is  a  mere  process  of  the  scapula,  having,  in 
man,  some  resemblance  in  shape  to  the  beak  of  a  orow. 

CoRALUQENons.    Producing  a  corallum. 

CORALLITE.  The  oorallum  secreted  by  an  AetinozoSn  which  consists  of  a 
single  polvpe  ;  or  the  portion  of  a  composite  corallum  which  belongs  to^  and 
is  secreted  by,  an  individual  polype. 

Corallum  (from  the  Latin  for  red  coral).  The  hard  structures  deposited  In, 
or  by,  the  tissues  of  an  AcHrunooGn — commonly  called  a  "  coraL" 

Coriaceous  (Lat.  coriwrn,  hide).    Leathery. 

Corpus  oallosum  (Lat  the  " firm  body").  The  great  band  of  nervous  mat- 
ter which  unites  the  two  hemispheres  of  the  cerebrum  in  the  Mammals. 

CoRPUSCULATED  (Lat  corpusculum,  a  little  bod^  or  particle).  Applied  to 
fluids  which,  like  the  blood,  contain  floating  solid  particles  or  "  corpuscles.'* 

Cortical  later.  The  layer  of  consistent  sarcode,  which  in  the  Ii\fuaoria 
encloses  the  endoplasm,  and  is  surrounded  by  the  cuticle.  Sometimes  called 
the  '^parenchyma  of  the  body." 

CosTJB  (Lat.  costa,  a  rib).  Amongst  the  Corala  the  "  costae "  are  vertical  ridges 
which  occur  on  the  outer  surface  of  the  theca,  and  mark  the  position  of  Sie 
septa  within. 

Costal  (Lat  casta,  a  rib).    Connected  with  the  ribs. 

Craniata  (Gr.  hranum,  skull).  A  name  given  to  all  the  Vertebrates,  with  the 
exception  of  the  Lancelet,  from  their  possession  of  a  cartilaginous  or  bony 
brain-case. 

Cranium  (Gr.  kranion,  the  skuU).  The  bony  or  cartilaginous  case  in  which 
the  brain  is  contained. 

Craspbda  (Gr.  krctspedon,  a  margin  or  fringe).  The  convoluted  cords  formed 
by  the  thickening  of  the  free  maxigins  of  the  mesenteries  of  a  Sea- 
anemone. 

Crasfedote  (Gr.  hrasvedon,  a  fringe).  Applied  to  those  Jelly-fishes  {MeduKs) 
in  which  the  mouth  of  the  swimming-oell  is  famished  with  a  shelf-like 
"velum." 

Crepuscular  (Lat.  erepusculum,  dusk).  Applied  to  animals  which  are  active 
in  the  dusk  or  twilignt. 

Crinoidea  (Gr.  krinon,  a  lily ;  eidosj  form).  An  order  of  EckinodenuUa  com- 
prising forms  which  are  usually  stalked,  and  sometimes  resemble  lilies  in 
shape. 

Crocooilia  (Gr.  JerohodeOos,  a  crocodile).    An  order  of  Reptiles. 

Crop.    A  partial  dilatation  of  the  gullet,  technically  called  "  ingluvies." 

Crustacea  (Lat  crustOf  a  crust).  A  class  of  Arthropoda,  comprising  Crabs, 
Lobsters,  sc,  characterised  by  the  possession  of  a  hard  shdl,  or  crust,  which 
is  cast  periodicallv. 

Crtstalloids.  Substances  which  have  mostiy  the  power  of  crystalliBataon, 
are  readily  soluble,  and  form  solutions  which  pass  easily  through  the  pores 
of  animal  membranes. 

Ctenoctbt  (Gr.  kteis,  a  comb ;  kusHs,  a  bag  or  cyst).  The  sense-oigan  (prob- 
ably auditory)  which  occurs  in  the  CUnophora. 

Ctenoid  (Gr.  Uteia,  a  comb ;  eidos,  fonn).  Applied  to  those  scales  of  fishes, 
the  hinder  margins  of  which  are  fringea  with  spines  or  oomb-like  projections. 
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Gtbnofhora  (Gr.  kteiSi  a  comb ;  and  phero,  I  carryX  An  order  of  AcHnotoa, 
comprising  oceanic  creatures,  which  swim  by  means  of  "ctenophores,"  or 
banos  of  cilia  arranged  in  comb-like  plates. 

CUBSORBS  (Lat.  cu/rrOf  I  ran).  A  name  for  the  Ratite  Birds,  given  to  them 
from  their  being  destitute  of  the  power  of  flight,  but  fonuM  for  running 
vigorously. 

GuBFiDATB.    Furnished  with  small  fK)inted  eminences  or  '*  cusps." 

CuncLB  (Lat  cuHcula.  dim.  of  cutUj  skin).  The  pellicle  which  forms  the 
outer  layer  of  the  boay  amongst  the  Ii^fusoria.  The  outer  layer  of  the  in- 
tegument generally. 

Cutis  (Lat.  skin).  The  inferior  vascular  layer  of  the  integument,  often  called 
the  citHs  vera,  the  eorium,  or  the  dermis. 

Ctcloid  (Gr.  kukloe.  a  circle ;  eidos,  form).  Applied  to  those  scales  of  fishes 
which  have  a  regularly  circular  or  elliptical  outline,  with  an  even  mar^n. 

Ctolostomi  (Gr.  Kukloa;  and  stoma^  mouth).  Sometimes  used  to  designate 
the  Ebig- fishes  and  Lampreys,  fonmng  the  order  Mareipobranehii, 

Ctst  (Gr.  hutia^  a  bladder  or  bag).    A  sac  or  vesicle. 

Ctstioa.  The  embryonic  forms  (scolices)  of  certain  intestinal  worms  (Tape- 
worms), which  were  described  as  a  distinct  order,  until  their  true  nature  was 
discovered. 

Ctstoidba  (Gr.  kustis,  a  bUdder;  and  eidos,  form).  An  extinct  order  of 
BchinodemiatiL 

Cttodb  (Gr.  kuios,  a  vessel ;  eidos,  form).  A  mass  of  protoplasm,  which  differs 
from  a  cell  in  the  want  of  a  definite  "wall,"  and  the  absence  of  a  "  nucleus.'* 

Dboafooa  (Gr.  deka,  ten  ;  podes,  feet).    The  division  of  Crustacea  which  have 

ten  ambulatory  feet ;  also  the  family  of  Chittle-fishes,  in  which  there  are 

ten  arms  or  cephalic  processes. 
DBomnous  (Lat.  decido^  I  fall  off).    Applied  to  parts  which  fall  off  or  are 

shed  during  the  life  of  the  animal. 
Deoollatbd  (Lat.  decoUo,  I  behead).    Applied  to  univalve  shells,  the  apex  of 

which  falls  off  in  the  course  of  growth. 
Dbinogbrata  or  Dinoobbata  (Gr.  deinos,  terrible ;  keras,  horn).    An  extinct 

order  of  Tertianr  Mammals. 
DBDrosAURiA  or  Dinosaubia  (Gr.  deinos,  terrible ;  saura,  lizard).    An  extinct 

order  of  Reptiles. 
Dendbifobm,  Dbndbitio,  DBNDRom  (Gr.  dendron,  a  tree).    Branched  like  a 

tree,  arborescent. 
Dbntirostbbs  (Lat.  dens,  a  tooth ;  rostrum,  a  beak).    The  group  of  Perching 

Birds  in  which  the  upper  mandible  of  the  beak  has  its  lower  margin  toothed. 
Debma  or  Dbbsob.    (dee  Cutis.) 

Dkrmal  (Gr.  derma,  skin).    Belonging  to  the  lower  layer  of  the  integument. 
DEBMOfiOLERiTES  (Gt.  derma,  skin ;  sJueros,  hard).    Calcareous  spicules  which 

occur  in  the  tissues  of  some  of  the  Aleyonaria  (Actinozoa). 
DxsHiDLS.    Minute  fresh-water  plants,  of  a  green  colour,  without  a  siliceous 

epidermis. 
Dbutbrozo5ids  ^Gr.  deuteros,  second ;  zoSn,  animal ;  eidos^  form).    The  zooids 

which  are  produced  by  gemmation  from  zooids. 
Dbztral  (Lat.  dextra,  the  right  hand).    Right-handed ;  applied  to  the  direc- 
tion of  the  spiral  in  the  greater  number  of  univalve  shells. 
DiAFHBAOM  (Gr.  dvaphragma,,  a  petition).    The  ''midrifi;"  or  the  muscle 

which  in  Mammalia  forms  a  partition  between  the  cavities  of  the  thorax 

and  abdomen. 
DiASTBMA  (Gr.  dia,  apart ;  kiUimi,  I  place).    A  gap  or  interval,  especially 

between  teeth. 
Diastole  (Gr.  diasteUo,  I  separate  or  expand).    The  expansion  of  a  contractile 

cavity  such  as  the  heart,  which  follows  its  contraction  or  "  systole" 
DiATOMAOBJB  (Gr.  diotemMO,  I  sever).    An  order  of  minute  plants,  which  are 

provided  with  siliceous  envelopes. 
DiBBANOHiATA  (Gr.  dts,  twlco;  brapchia,  gill).    The  order  of  C^halqpoda 

(comprising  the  Cuttle-fishes,  &c)  in  which  only  two  gills  are  present 
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DiCTNODOnnA  (Gr.  <2u,  twice ;  kuon,  dog ;  odaus,  tooth).  An  extinct  oider 
of  BeptUes. 

DiDELPHiA  (Gr.  dit,  twice  ;  ddphua,  womb).  The  sabdiyiflion  of  ^^**-*— ^« 
comprising  the  Mannpials. 

Digit  (Lat  dimtus^  a  finger).    A  finger  or  toe. 

DiomoRADA  (Lat  digUua  ;  gradior/I  walk).    A  subdimion  of  the  OamivoroL 

DiQinoRADB.  Wallung  upon  the  tips  of  the  toes,  and  not  upon  the  soles  of 
the  feet 

Ddcebosomata  (Gr.  dis;  meros,  part ;  aoma,  body).  An  order  of  ArttehnuUi, 
comprising  the  trae  Spiders,  so  called  from  the  marked  diyision  of  the  body 
into  two  regions,  the  cephuothorax  and  abdomen.  The  name  Araneida  is 
often  employed  for  the  order. 

DiMTABY  (Gr.  diSj  twice ;  mium,  mnscle).  Applied  to  those  Bivalve  MoHubcs 
(LameUibrancfaata)  in  which  the  shell  is  closed  by  two  adductor  masdes. 

DiOBOious  (Gr.  dis,  twice  ;  oikos,  house).  Having  the  sexes  distinct ;  applied 
to  species  which  consist  of  male  and  female  individuals. 

DiFHTOERCAL  (Gr.  dis,  twice ;  pkuo,  I  generate  ;  kerhoa,  tail).  Applied  to  the 
tail  of  Fishes  when  the  extremity  of  the  notochord  divides  the  fin-rays  into 
two  equal  moieties. 

DiFHTODONT  (Gr.  dis,  twice ;  phuo,  I  generate ;  odout,  tooth).  Applied  to 
those  Mammals  which  have  two  sets  of  teeth. 

D1FHTOZ061DS.  Detached  reproductive  portions  of  adult  Calycopk4>ridaRt  an 
order  of  oceanic  Hydrozoa. 

Dipnoi  (Gr.  dis,  twice ;  pnoi,  breath).  The  order  of  fishes  represented  hj  the 
Lepidosiren, 

DiPTERA  (Gr.  disy  twice ;  pteron,  wing).  An  order  of  insects  chanicteiised  by 
the  possession  of  two  wings. 

Discoid  (Gr.  diskos,  a  quoit ;  eidos,  form).    Shaped  like  a  round  plate  or  qaoit 

DiscoPHORA  (Gr.  diskos,  a  quoit ;  pliero,  I  carry).  This  term  is  appl^  to 
the  Sea-blubbers  (Acraspedote  Jelly-fishes)  from  their  form ;  and  is  some* 
times  used  to  designate  the  order  of  the  Leeches  {Hirudinea)  from  the  suc- 
torial discs  which  toese  animals  possess. 

D188EPIUENT8  (Lat.  dissepiOf  I  partition  ofi).  Partitions.  Used  in  a  restricted 
sense  to  designate  certain  imperfect  transverse  partitions,  which  grow  from 
the  septa  of  many  corals. 

Distal.  Applied  to  the  quickly  growing  end  of  the  hydrosoma  of  a  Hydro- 
zoOn;  the  opposite,  or  ''proximal"  extremity  crowing  less  rapidly,  and 
being  the  end  by  which  the  organism  is  fixed,  when  attached  at  alL  Ap- 
plied in  general  to  the  end  of  an  appendage,  limb,  bone,  &c.,  which  is  fnithest 
removed  from  the  trunk. 

Diurnal  (Lat  dies,  day).    Applied  to  animals  which  are  active  during  the  day. 

DrvERTicuLUif  ^Lat.  diverticulum,,  a  by-road).  A  lateral  tube  wiu  a  blind 
extremity  springing  from  the  side  of  another  tube. 

Dorsal  (Lat.  dorsum^  back).    Connected  with  the  back. 
'  D0R8IBRANOHIATE  (Lat.  difrsum,  the  back ;  Gr.  hrcigchia,  ^).    Having  ex- 
ternal gills  attached  to  the  back ;  applied  to  certain  Aitneluies  and  MoUuxs. 
The  term  is  of  mongrel  composition,  and  **  notobranchiate  "  is  more  correctiy 
employed. 

EODERON  (Gr.  ek,  out ;  deros,  skin).  The  outer  plane  of  growth  of  the  external 
integumentary  layer  (viz.,  the  ectoderm,  or  epidermis). 

ECDTSis  (Gr.  ekdusis,  a  stripping  off).    A  shedaing  or  moulting  of  the  skin. 

EcHiNOCOCCi  (Gr.  echinos,  a  hedgehog;  kokkos,  a  berry).  The  larval  forms 
(scolices)  of  one  of  the  tape-worms  of  the  dog  ( Tamia  eckvnococcus),  commonly 
known  as  "hydatids." 

ECHINODERMATA  (Gr.  echinos  ;  and  derma,  skin).  A  class  of  animals  compris- 
ing the  Sea-urchins,  Star-fishes,  and  others,  most  of  which  have  spiny  skins. 

EoBiNOiDEA  (Gr.  echinos;  and  eidos,  form).  An  order  of  JSchinodermata,  com- 
prising the  Sea-urchins. 

E0HiN0P23DiT7if  (Gr.  echinos,  a  hedgehog ;  paidion,  a  child).  A  term  applied 
tp  the  embryo  or  larva  of  the  Ecmnodermata. 
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EcHiNOZOA  (Or.  echinot.  hedgehog ;  xoa,  animals).  A  name  proposed  by  Pro- 
fessor Allman  to  include  the  Echinoids,  Asteroids,  Ophiuroids,  and  Holo- 
thuroids. 

EcHiKULATB.    Possessing  spines. 

EcTOCTST  (Gr.  ektoBf  ontside ;  kustis,  a  bladder).  The  external  investment  of 
the  casnoBcium  of  a  PolytoCn. 

Ectoderm  (Gr.  ektoa ;  and  dermaf  slcin).  The  external  integumentary  layer 
of  the  CcdenUnUa, 

Ectoplasm  or  Exoflasm.    (See  Ectosarc). 

EcrosABC  (Gr.  ektos ;  earx,  flesh).  The  outer,  transparent  sarcode-layer  of 
certain  RhieopodSf  snch  as  the  AmodM, 

Edbntata  (Lat.  e,  without ;  dens,  tooth).  An  order  of  Mammalia,  often  called 
BrtUa, 

Edkntulous.  Toothless ;  without  any  dental  apparatus.  Applied  to  the 
mouth  of  any  animal,  or  to  the  hinge  of  the  Bivaive  Molluscs. 

Edriophthalmata.    (See  Hedriophthalmata.) 

ELASMOBRANCHn  (Gr.  elasma,  a  plate ;  bragchia,  gill).  An  order  of  Fishes, 
including  the  Sharks  and  Rays. 

Elttba  (Gr.  elutronf  a  diea^).  The  chitlnous  anterior  pair  of  wings  in 
Beetles,  which  form  cases  for  the  posterior  membranous  wings.  Also  ap- 
plied to  the  scales  or  plates  on  ^e  back  of  the  Sea-mouse  (Aphrodite), 

Embrto  (Gr.  en,  in ;  bruOf  I  swell).  The  earliest  stage  at  which  the  young 
animal  is  recognisable  in  the  impregnated  ovum.  Applied  in  general  to  the 
larva  or  young  form  of  an  animal. 

En ALIOSAURIA  (Gr.  enalios,  marine ;  tauray  lizard).  Sometimes  employed  as 
a  common  term  to  designate  the  extinct  Reptilian  orders  of  the  Ichthyosauria 
and  Plesiosauria. 

Encephalon  (Gr.  eake^halos,  brain).  The  portion  of  the  cerebro-spinal  nerv- 
ous axis  containea  within  the  cranium. 

Encephalous  (Gr.  en.  in ;  kephalf,  the  head).  Possessing  a  distinct  head. 
Usually  applied  to  all  the  J^Uusca  proper,  except  the  Lamellibranckiata. 

Enotstation  (Gr.  en,  in ;  hustis,  a  bag).  The  transformation  undei^one  by 
certain  of  the  Protozoa,  when  they  become  motionless,  and  surround  them- 
selves by  a  thick  coating  or  cyst. 

Ekderon  (Gr.  en,  in ;  d^va,  skin).  The  inner  plane  of  growth  of  the  outer 
integumentary  layer  (viz.,  the  ectoderm  or  epidermis). 

Endoctst  (Gr.  endim,  within  ;  hustis,  a  bag).  The  inner  membrane  or  integu- 
mentary layer  of  a  PdyzoGn,  In  Cristateua,  where  there  is  no  "ectocyst," 
the  endocyst  constitutes  the  entire  integument. 

Endoderm  (Gr.  endon  ;  and  derma,  skin).  The  inner  integumentary  layer  of 
the  Coelenterata, 

Endoplabm.    (See  Endosarc). 

Eia)OPLAST  (Gr.  endon,  within ;  plaaso,  I  mould).  Applied  by  Professor  Hux- 
ley to  the  ''nucleus  "  of  a  cell,  and  particularly  to  the  *' nucleus"  of  the  Pro- 
tozoa. 

Endopodite  (Gr.  endon ;  and  pous,  foot).  The  inner  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 

Endosarc  (Gr.  endon  ;  and  sarx,  flesh).  The  inner  molecular  layer  of  sarcode 
in  the  Amosba,  and  other  allied  Jihizqpods, 

Endoskeleton  (Gr.  endon  ;  and  skeletos,  dry).  The  internal  hard  structures, 
such  as  bones,  which  serve  for  the  attachment  of  muscles,  or  the  protection 
of  organs,  and  which  are  not  a  mere  hardening  of  the  int^ment. 

Endosttlb  (Gr.  endon  ;  and  stiUos,  a  column).  The  longitudinal  fold  found 
on  one  side  of  the  pharynx  of  the  Tunicates. 

Enbiform  (Lat  ensis,  a  sword ;  forma,  shape).    Sword-shaped. 

Entomophaoa  (Gr.  entoma,  insects ;  phago,  I  eat).  A  section  of  the  Mar- 
supijdia. 

Entomostraca  (Gr.  entoma,  insects  ;  osirakon,  a  shell).  Literally,  shelled 
insects — applied  to  a  division  of  CruatoA^ea. 

Entozoa  (GTr.  entos,  within ;  zoSn,  animal).  Animals  which  are  parasitic  in 
the  interior  of  other  animals. 
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Eocene  (6r.  eos,  dawn ;  kainos,  new  or  recent).  The  lowest  divisioii  of  the 
Tertiary  rocks,  in  which  species  of  existing  shells  are  to  a  small  extent  re- 
presented. 

Ephippiuh  (Gr.  ephippion;  Lat.  epki^uMy  saddle).  A  receptacle  on  the 
back  of  the  Daphnuif  in  which  the  winter  egss  are  deposited. 

Efidermib  (Gr.  epi,  upon  ;  derma,  the  true  skin).  The  oatar,  non-Fascnlsr 
layer  of  the  skin,  often  called  the  scarf-skin  or  cuticle, 

Efiblast  (Gr.  epi,  upon  ;  Uastos,  bud).  The  outer  layer  of  cells  (sometimes 
called  the  "serouslayer  ")  of  the  embryo. 

EPiifEEU  (Gr.  epi.  upon ;  mSron,  thigh).  The  lateral  pieces  of  the  donal  arc 
of  the  somite  or  a  Crustacean, 

Efifodia  (Gr.  epi,  upon ;  povs,  the  foot).  Muscular  lobes  developed  from  the 
lateral  and  upper  surfaces  of  the  '*  foot ''  of  some  Molltucs. 

ElFiFODiTB  (Gr.  epit  upon  ;  pous,  foot). '  A  process  developed  upon  the  basal 
joint,  or  *' protopodite,"  of  some  of  the  limbs  of  certain  Vnut<uea. 

Episterna  (Gr.  epi,  upon ;  sUmon,  the  breast-bone).  The  lateral  pieces  of 
the  inferior  or  ventral  arc  of  the  somite  of  a  Onuiacean, 

Epistomb  (Gr.  epi  ;  and  x^oma,  mouth).  A  valve-like  organ  which  arches  over 
the  mouth  in  oertain  of  the  Polyxoa. 

Epttheca  (Gr.  epi  ;  and  theki,  a  sheath).  A  continuous  layer  surrounding  the 
thecffi  in  some  Corals  externally. 

Epizoa  (Gr.  epi,  upon ;  zo&n,  animal).  Animals  which  are  parasitic  upon 
other  animals.  In  a  restricted  sense,  a  division  of  Crustacea  which  are  para- 
sitic upon  fishes. 

Equilateral  (Lat  cgquua,  equal ;  lotus,  side).  Having  its  sides  equal.  Usu- 
ally applied  to  the  shells  of  the  Brachiopoda.  When  applied  to  the  spiral 
shells  of  the  Foramin\fera,  it  means  that  all  the  convolutions  of  the  shell 
lie  in  the  same  plane. 

Equivalve  (Lat.  cemius,  equal;  valv<B,  folding-doorsX  Applied  to  shells 
which  are  composed  of  two  equal  pieces  or  valves. 

Ebrantia  (Lat.  erro,  I  wander).  An  order  of  Annelida,  distinguished  by  their 
gi'eat  locomotive  powers. 

EUBTPTKRZDA  (Gr.  eurus,  broad ;  pieron,  wing).  An  extinct  snb-<xrder  of 
Crustacea. 

ExopoDiTE  (Gr.  exo,  outside ;  wms,  foot).  The  outer  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 

ExosKELETON  (Gr.  cxo,  outslde ;  skeletos,  dry).  The  external  skeleton,  which 
is  constituted  by  a  hardening  of  the  integument^  and  is  often  called  a 
"  dermoskeleton." 

Falces  {L&t.  falx,  a  sickle).    The  poison-jaws  or  ''  mandibles  "  of  the  Spiders. 

Fasciculated  (Lat.  fasciculus,  a  bundle).    Arranged  in  bundles. 

Fauna  (Lat.  Fauni,  the  rural  deities  of  the  Romans).  The  general  assem- 
blage of  the  animals  of  any  region  or  district. 

Feuub.  The  thigh-bone,  intervening  between  the  pelvis  and  the  bones  of  the 
leg  proper  {tibia  and /S6u2a). 

Ferm  (Lat.  ferus,  wild).    Used  often  to  desifipate  the  order  of  the  Camivora. 

Feral.  Applied  to  animals  which  are  vjila,  as  opposed  to  those  which  are 
domesticated.  Often  applied  to  animals  which  have  escaped  firom  domestin- 
tion,  and  have  reverted  to  a  wild  condition. 

Fibula  (Lat.  a  brooch).  The  outermost  of  the  two  bones  of  the  leg  in  the 
higher  Vertebrata,  corresponding  to  the  ulna  of  the  fore-arm. 

FiLiFOBM  (Lat.  jUum,  a  thread ;  forma,  shape).    Thread-shap«d. 

FissiUNGUiA  (Lat  jindo,  I  cleave ;  lingua,  tongue).  A  division  of  LacertiUa, 
with  bifid  tongues. 

Fission  (Lat  Jindo,  I  cleave).  Multiplication  by  means  of  a  process  of  self- 
division. 

FissiFABOUS  (Lat  Jindo  ;  and  pario,  I  produce).  Giving  origin  to  fresh  struc- 
tures by  a  process  of  fission. 

FiasmosTBAL  (Lat.  Jindo,  I  cleave  ;  rostrum,  beak).  Applied  to  the  wid^- 
gaping  bill  of  certain  Birds. 
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Flaoslluh  (Lat.  for  whip).  The  laah-like  appendage  possessed  by  many  In*, 
fiuoria,  which  are  therefore  said  to  be  "  flagellate. 

Flora  (Lat.  Flora,  the  goddess  of  flowers).  The  general  assemblage  of  the 
plants  of  any  region  or  district. 

Foot.  Applied  in  a  special  sense  to  the  mnscnlar  mass  developed  on  the  ven- 
tral side  of  the  body  in  the  MoUusca. 

Foot-jaws.  The  limbs  of  OriLstacea  which  are  modified  to  snbserve  masti- 
cation. 

FooT-TUBSRCLBS.  The  unarticulated  appendages  of  the  higher  Aniulida, 
often  called  parapodia. 

FORAMINIFBRA  (Lat.  foramen,  an  aperture ;  fero,  I  carry).  An  order  of  Pro- 
tozoa, usually  characterised  by  the  possession  of  a  shell  perforated  by 
numerous  pseudopodial  apertures. 

Fruoivobous  (Lat.  frux,  fruit ;  wro,  I  devour).    Living  upon  fruit. 

Funiculus  (Lat.  dim.  of  funis,  a  rope).  The  cord-like  structure  which  passes 
from  the  ^dus  of  the  stomach  to  the  bottom  of  the  '*  cell "  in  the  Polyzoa. 

FuRCULUM  or  FuRCULA  (Lat.  dim.  of  furca,  a  fork).  The  "  merry-thought " 
of  birds,  or  the  V-shaped  bone  formed  by  the  united  davicles. 

Fusiform  (Lat.  ftutu,  a  spindle ;  and  forma,  shape).  Spindle-shaped,  or 
pointed  at  both  ends. 

Gallinacei  or  Qalunm  (Lat  gaUina,  a  hen).    The  order  of  Birds  of  which 

the  Domestic  Fowl  is  a  typical  example. 
Gamooknbsis  (Or.  ffamos,  marriage ;  genesis,  origin,  birth).    Reproduction  by 

ova  and  spermatozoa ;  sexual  reproduction. 
Ganglion  (Or.  gagglion,  a  knot).    A  mass  of  nervous  matter  containing  nerve- 
cells,  ana  giving  origin  to  nerve-fibres. 
Ganoid  (6r.  ganos,  splendour,  brightness).    Applied  to  those  scales  or  plates 

which  are  composed  of  an  inferior  layer  of  true  bone  covered  by  a  superior 

layer  of  polished  enamel. 
Ganoidsi.    An  order  of  Fishes. 
Gastropoda  (Gr.  gaster,  stomach ;  pons,  foot).     The  class  of  the  MoUttsca 

comprising  the  ordinary  Univalves,  in  which  locomotion  is  usually  effected 

by  a  muscular  expansion  of  the  under  surface  of  the  body  (the  "  foot "). 
Gastrula  (Gr.  dim.  ot  gaster,  stomach).    A  name  applied  by  Haeckel  to  that 

developmental  stage  in  various  animals,  in  which  the  embryo  consists  of  two 

fundamental  cell-layers  (ectoderm  and  endoderm,  or  epiblast  and  hypoblast), 

including  a  central  cavity  (archenteron),  and  communicating  with  the  exterior 

by  a  primitive  mouth-opening  (blastopore). 
Gemks  (Lat.  gemma,  a  bud).    The  buds  produced  by  any  animal,  whether 

detached  or  not. 
Gemmation.    The  process  of  producing  new  structures  by  budding. 
Gemmiparous  (Lat.  gemma,  a  bud ;  pario,  I  produce).    Giving  origin  to  new 

structures  by  a  process  of  budding. 
Gemmules  (Lat.  dim.  of  gemma).     The  seed-like   reproductive  bodies   or 

"  spores  "  of  SponmUa. 
Gephtrba  (Gr.  gepnura,  a  bridge).    A  class  of  the  Anarthropoda,  comprising 

the  Spoon-worms  (SipuTiculiu)  and  their  allies. 
Gizzard.    A  muscular  division  of  the  stomach  in  Birds,  Insects,  &c 
Gladius  (Lat.  a  sword).    Applied  to  the  homy  endoskeleton  or  *'pen"  of 

certain  Cuttle-fidies. 
Glenoid  cavitt  (Gr.  ^enS,  a  cavity ;  eidas,  form).  A  shallow  cavity ;  applied 

esi)ecially  to  the  shallow  articular  cavity  in  the  shoulder-blade  to  which  the 

head  of  the  humerus  is  jointed,  or  to  the  cavity  on  the  temporal  bone  of 

Mammals  with  which  the  mandiole  articulates. 
G^ATHTTES  (Gr.  gnathos,  a  jaw).    The  masticatojnr  oiigans  of  Crustacea. 
Gnathopods  (Gr.  gnathos,  \kw  ;  podes,  feet).    The  foot-jaws  of  Crustaceans. 
GONANOIUM  (Gr.  gonos,  onspring;    and  aqgeion,  a  vessel).     The  chitinous 

receptacle  in  which  the  reproductive  buds  of  certain  of  the  Hydroxoa  are 

proouced. 
GONOBLASTIDIA  (Gr.  gonos,  ofispring ;  blastidion,  dim.  of  Uastos,  a  bud).    The 
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processes  which  carry  the  reproductive  receptacles,  or  ''gonophores/'  in 

many  of  the  Hydroxoa, 
GoNOCALTX  (Gr.  gonos  ;  and  hal'ux,  cup).    The  swimming-bell  in  a  medanfoim 

gonophore,  or  the  same  structure  in  a  gonophore  which  is  not  detached. 
GONOPHORB  (Gr.  g<mj08  ;  and  pherOf  I  carry).    The  generatlTe  buds,  or  recep- 
tacles of  the  reproductive  elements,  in  the  Hydroxoa,  whether  these  become 

detached  or  not. 
Gonosome  (Gr.  gonos;  and  soma,  body).    Applied  as  a  collective  term  to  the 

reproductive  zooids  of  a  HydrozoOn. 
GoNOTHBCA  (Gr.  gowis  ;  ana  theJU,  a  case).    The  chitinous  receptacle  within 

which  the  gonophores  of  certain  of  the  ffvdrozoa  are  produced. 
GBALLiB  or  Grallatobbs  (Lat  grailas,  stilts).    An  older  of  Birds,  including 

many  long-legged  forms. 
Granivorous  (Lat.  ^mnicm,  a  grain  or  seed ;  voroy  I  devour).    Living  upon 

grains  or  other  steeds. 
Gbaptolitoidba  (Gr.  grapho,  I  write;  Uthos^  a  stone;  eido9,  form).     The 

"  Graptolites,"  a  sub-class  of  extinct  Hydrozoa. 
Grboarinida  (Lat  gregarius,  occurring  in  numbers  together).    A  class  of  the 

Protozoa. 
Guard.    The  cylindrical  fibrous  sheath  with  which  the  internal  chambered 

shell  (phragmacone)  of  a  Belemnite  is  protected. 
Gtmnoblastic  (Gr.  gumnoSy  naked :  and  UastoSf  a  bud).    Applied  by  Pro! 

Allman  to  those  Hydroxoa  in  whicn  the  nutritive  and  reproductive  buds  are 

not  protected  by  homy  receptacles. 
Gymnocttb  (Gr.  gumnoSy  naked ;  kutoa,  a  vessel).    A  naked,  nucleated  mass 

of  protoplasm,  without  a  proper  "wall." 
GTMNOLiEMATA  (Gr.  oumnos,  naked ;  laimosj  the  throat).    An  order  of  the 

Polyzoa  in  which  the  mouth  is  devoid  of  the  valvular  structure  known  as 

the  "epistome." 
Gtmkophiona  (Gr.  gumnoa,  naked ;  ophis,  a  snake).  The  order  of  the  Atnphibia 

comprising  the  snake-like  CobcUue, 
Gtmnophthalmata  (Gr.  gumnos;  and  opJUhalmoSf  the  eye).    Applied  by 

Edward  Forbes  to  those  Medusas  in  which  the  eye-specks  at  the  maigin  of 

the  disc  are  unprotected.    The  diviuion  is  now  abandoned. 
Gtmnosomata  (Gr.  gumtioa  ;  and  atmutj  the  body).    The  order  of  Pteropoda  in 

which  the  boay  is  not  protected  by  a  shell. 
Gykophobes  (Gr.  gufiS,  woman;  phero^  I  carry).    The  goierative  buds,  or 

gonophores  of  Hydroxoa  which  contain  ova  alone,  and  differ  in  form  from 

those  which  contain  spermatozoa. 
Gtrenoephala  (Gr.  guroo,  I  wind  about;  egkephaloa,  brain).    Applied  by 

Owen  to  a  section  of  the  Mammalia  in  which  the  cerebral  hemispheres  are 

abundantly  convoluted. 

H^MAL  (Gr.  kaima,  blood).  Connected  with  the  blood-vessels,  or  with  Mat 
circulatory  system. 

H^MATOCRYA  (Gr.  haima,  blood;  cnioa,  cold).  Applied  by  Owen  to  the 
"  cold-blooded"  Vertebrates— viz.,  the  Fishes,  Amphibia,  and  Reptiles. 

H^MATOTHERMA  (Gr.  haima,  blood ;  thermos,  warm).  Applied  by  Owen  to 
the  "warm-blooded"  Vertebrates— viz.,  Birds  and  Mammals. 

Hallux  (Lat.  aZUx,  the  thumb  or  great  toe).  The  innermost  of  the  Hve  digits 
which  normally  compose  the  hiiid  foot  of  a  Vertebrate  animaL  Li  man,  the 
great  toe. 

Halterbs  (Gr.  haUires,  weights  used  by  athletes  to  steady  themselves  in  leap- 
ing). The  rudimentary  filaments  or  "balancers"  which  represent  the 
posterior  pair  of  wings  in  the  Diptera,  an  order  of  Insects. 

Haustellatb  (Lat.  haurio,  I  drink).  Adapted  for  sucking  or  pumping  up 
fluids ;  applied  to  the  mouth  of  certain  Crustacea  and  Jnsecta. 

Hbctocottlus  (Gr.  hehaUmy  a  hundred :  kotulos,  a  cup).  The  metamorphosed 
reproductive  arm  of  certain  of  the  male  Cuttle-fishes.  In  the  Argona%U  the 
arm  becomes  detached,  and  was  originally  described  as  a  parasitic  worm. 

Heubiophthalmata  (Gr.  hedraioSt  sitting ;  ophthalmos,  eye).    The  division 
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of  Crustaoeans  in  which  the  eyes  are  sessile,  and  are  not  supported  upon 

stalks. 
Heliozoa  (Gr.  h^ioa,  sun ;  zo&n,  animal).    An  order  of  Protozoa,  with  radi- 
ating pseudopodia. 
Helminthoid  (6r.  helmins,  an  intestinal  woroi).    Wormnihaped,  Termiform. 
Hemelttra  (Gr.  hemi,  half ;  eltUron,  a  sheath).    The  wings  of  certain  Insects, 

in  which  tne  apex  of  the  wing  is  membranous,  whilst  the  inner  portion  is 

chitinous,  and  resembles  the  er3rtn>n  of  a  beetle. 
HSMIMETABOUO  (Gr.  hemi,  half ;  metaboU,  change).    Applied  to  those  Insects 

which  undeigo  an  incomplete  metamorphosis. 
Hemipteaa  {Gt,  hemi;  and^^eron,  wingf).    An  order  of  Insects  in  which  the 

anterior  wings  are  sometimes  "hemelylra." 
Hermaphrodite  (Gr.  Hermes,  Mercury ;  Aphrodite,  Venus).    Possessing  the 

generative  organs  of  both  sexes  combined. 
Heterooeba  (Gr.  heteroa,  diverse;   heras,  horn).      Applied  to  the  Moths 

amongst  the  Lepidoptera,  on  account  of  the  great  variety  of  shape  in  tiieir 

antennsB. 
Heterocercal  (Gr.  Iieteros,  diverse;  kerkoa,  tail).    Applied  to  the  tail  of 

Fishes  when  it  is  unsymmetrical,  or  composed  of  two  unequal  lobes. 
Heterooanqliatb  {Gt.  hetetvs,  diverse ;  gagglicn,  a  knot).    Possessing  a  nerv- 
ous system  in  wnich  the  ganglia  are  scattered  (as  in  the  MoUusca^  for 

example). 
Hetebogenbsis  or  Hbtebooent  (Gr.  heteros,  diverse ;  ffenesis,  origin,  birth). 

The  production  of  living  beings  without  pre-existent  living  beings. 
Hbtebomorfhic  (Gr.  heteros;  morphS,  form).    Differing  in  form  and  shape. 
Heteromtabt  (Gr.  heteros,   diverse;   mwm,   musdeV     Applied  to  tnose 

Bivalves  in  which  the  anterior  adductor  is  much  smaller  than  the  posterior 

adductor. 
Heterophaoi  (Gr.  heteros,  other ;  phago,  I  eat).    Applied  to  Birds,  the  young 

of  which  are  bom  in  a  helpless  condition,  and  require  to  be  fed  by  the  par- 
ents for  a  longer  or  shorter  period. 
Hetebopoda  (Gr.  heteros,  diverse ;  podes,  feet).    An  aberrant  group  of  the 

Gastropods,  in  which  the  foot  is  modified  so  as  to  form  a  swimming  organ. 
Hexapod  (Gr.  hex,  six;  powt,  foot).     Possessing  six  legs;  applied  to  the 

Ineecta. 
Hibernation  (Lat.  hibemo,  I  pass  the  winter).    The  winter  torpidity  exhib- 
ited by  many  animals  in  the  winter  season  in  cold  regions. 
HiLUM  (Lat.  hUttm,  a  little  thing).    A  small  aperture  (as  in  the  gemmules  of 

sponges),  or  a  small  depression  (as  in  Nociiluca), 
HiRUDiNEA  (Lat  hirudo,  a  horse-leech).    The  order  of  Annelida  comprising 

the  Leeches. 
HiBTOLOOT  (Gr.  histos,  a  web ;  logos,  a  discourse).    The  study  of  the  tissues, 

more  especially  of  the  minuter  elements  of  the  body. 
HoLOCEPHALi  (Gr.  ?iolos,  whole ;  kephalS,  head).    A  sub-order  of  the  BUumo- 

branchii  comprising  the  Chimcerce. 
HoLOMETABOLic  (Gr.  holos,  wholc ;  metabolS,  change).    Applied  to  Insects 

which  undergo  a  complete  metamorphosis. 
H0LO8TOMATA  (Gr.  ?iolos,  whole  ;  stoma,  mouth).     A  division  of  Oastropodous 

Molluscs,  in  which  the  aperture  of  the  shell  is  rounded  or  "  entire.'* 
HoLOTHHROiDBA  (Gr.  hohthourion  ;  and  eidos,  form).    An  order  of  Echinoder- 

mata,  comprising  the  Trepangs  and  Sea-cucumbers. 
HOMOCERCAL  (Gr.  fiomos,  same ;  herkos,  tail).    Applied  to  the  tail  of  Fishes 

when  it  is  symmetrical,  or  composed  of  two  eaual  lobes. 
HOMOOANOLIATE  (Gr.  homos,  like ;  gagglion,  a  knot).     Having  a  nervous  sys- 
tem in  which  the  ganglia  are  symmetrically  arranged  (as  in  the  Annulosa,  for 

example). 
HoMOLOOOUB  (Gr.  homos;  and  logos,  a  discourse).    Applied  to  parts  which 

are  constructed  upon  the  same  fundamental  plan. 
HoMOMORPHOua  (Gr.  homos;  and  morphS,  form).     Having  a  similar  external 

appearance  or  form. 
Humerus.    The  bone  of  the  upper  arm  (brachium)  in  the  Vertebrates. 
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Htalinb  (Gr.  hualos,  crystal).    Crystalline  or  glassy. 

Htdatid  (Or.  hudatis,  a  Tesicle).    The  bladder-like  stmctore  prodaoedbj  tha 

budding  scolices  of  certain  of  the  Tape-worms. 
Htdraform.    Resembling  the  common  Fresh-water  Polype  {Hydra)  in  fonn. 
Htdranth  (Gr.  hudra,  water-serpent ;  and  anthot,  flower).    The  "  polypite,'* 

or  proper  nutritive  zo6id,  of  the  HydroKocu 
Htdbooaulus  (Gr.  hud/ra,  a  water-serpent ;  and  keados,  a  stem).    The  main 

stem  of  the  coenosarc  of  a  HydrosoGn, 
Htdbootsts  (Gr.   hudra;  and  kustitf  a  cyst).     Curious  sensory  processes 

attached  to  the  coenosarc  of  the  PhyBophorida. 
Htdrcboium  (Gr.  hudra ;  and  oxhoty  a  house).    The  chamber  into  which  the 

ccenosarc  in  many  of  the  Caiycophorida  can  be  retracted. 
Htdroida  (Gr.  hudra;  and  eidos^  form).     The  sub-class  of  the  Bydrowa 

which  comprises  the  animals  most  nearly  allied  to  the  Hydra. 
Htdbophtllia  (Gr.  hudra;  and  nhuUbn,  a  leaf)-    Overlappin^ir  appendages 

or  plates  which  protect  the  polypites  in  some  of  the  oceanic  Hydrosoa 

{Caiycophorida  and  Phvsophoridce),    They  are  often  termed  "bracts,**  and 

are  the  "  DeckstUcke  "  of  the  Germans. 
Htdrorhiza  (Gr.  hudra  ;  and  rhiza,  root).    The  adherent  base  or  proximal 

extremity  of  any  UydrozoSn. 
Hydrosoma  (Gr.  hudra;  and  soma,  body).     The  entire  oiganisin  of  any 

Hydrozo^. 
Hydrothecjb  (Gr.  hudra ;  and  ihski^  a  case).    The  little  chitinoas  cupa  in 

which  the  polypites  of  the  Sertularida  and  Campanularida  are  protected. 
Htdrozoa  (Gr.  hudra;  and  zolhiy  animal).     The  class  of  the  CoeUnterata 

which  comprises  animals  constructed  after  the  type  of  the  Hydra. 
Htm ENOPTKRA  (Gr.  humen,  a  membrane ;  pUrtm,  a  wing).    An  order  of  Insecu 

(comprising  Bees,  Ants,  &c.)  characterised  by  the  possession  of  four  mem- 
branous wings. 
Htoid  (Gr.  U;  eidoSy  form).    The  bone  which  supports  the  tongue  in  Verte- 
brates, and  derives  its  name  from  its  resembumce  in  man  to  the  Gre«k 

letter  U. 
H  TPOBLAST  (Gr.  hupo,  under ;  blastot,  bud).    The  inner  of  the  two  fundamental 

cell-layers  of  the  embryo. 
Htpostome  (Gr.  hupo,  under ;  stonutf  mouth).    The  upper  lip,  or  "  labnuL,** 

of  the  Crustacea, 
Htbacoidea  (Gr.  hurcucy  a  shrew ;  eidos,  form).    An  order  of  the  Mammaiia 

constituted  for  the  reception  of  the  single  genus  Hyrax. 

Iohthtodoruute  (Gr.  ichthus,  fish  ;  doru,  spear;  liihoSy  stone).     The  fossil 

fin-spines  of  Fishes. 
lOHTHTOMORPHA  (Gr.  tchthus ;  morphi,  shape).    An  order  of  Amphibians, 

often  called  UroddOf  comprising  the  fish-like  Newts,  &c. 
ICHTHTOPHTHIRA  (Gr  tchthus ;  phthsiry  a  louse).    A  parasitic  group  of  Cope- 
pod  Crustaceans. 
lOHTHTOPSiDA  (Gr.  ichihus ;   opsisj  appearance).    The  primary  division  of 

VerUbrata,  comprising  the  Fishes  and  Amphibia.     Often  spoken  of  as  the 

Branchiate  Vertebrata. 
lOHTHYOPTBBTOiA  (Gr.  ichthus;  pteruXf  wing).    An  extinct  order  of  Reptiles. 
lOHTHTOSAURiA  (Gr.  tchthus ;  satura,  lizard).     Synonymous  with  leMhyop- 

terygia. 
Ilium.    The  haunch-bone,  one  of  the  bones  of  the  pelvic  arch  in  the  higher 

Vertebrates. 
Imaoo  (Lat.  an  image  or  apparition).    The  perfect  insect,  after  it  has  undei^ 

gone  its  metamorphoses. 
Imbricated.     Applied  to  scales  or  plates  which  overlap  one  another  like 

tiles. 
Incisor  (Lat.  ineido,  I  cut).    The  cutting-teeth  fixed  in  the  pmouudUary 

bones  of  the  Mammedia,  and  the  corresponding  teeth  in  the  lower  jaw. 
Inequilateral.    Having  the  two  sides  unequal,  as  in  the  case  of  the  shells 

of  the  ordinary  Bivalves  {Lamellibranehiata),    When  applied  to  the  shells 
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of  the  Foraminifenit  it  implies  that  the  convolutions  of  the  shell  do  not  lie 

in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 
Inbquiyalvb.    Composed  of  two  unequal  pieces  or  valyes. 
iNFUNDiBULnM  (Lat.  for  funnel).    Tne  tube  formed  by  the  coalescence  or 

apposition  of  the  epipodia  in  the  Cephalopoda  —  commonly  termed  the 

**rannel"  or  '*  siphon. 
IiTPUSORiA  (Lat  if^fusum,  an  infusion).    A  class  of  Protozoa,  so  called  because 

they  are  often  developed  in  organic  infusions. 
Ikolutibs  (Lat.  the  crop).    A  dilatation  of  the  gullet  ("  crop  "),  found  in  Birds, 

Insects,  sc. 
Inguinal  (Lat.  ingtten,  groin).    Ck>nnected  with,  or  situated  upon,  the  groin. 
Inoperculata  (Lat.  in,  without ;  operculum^  a  lid).    The  division  of  pulmon- 

ate  Gastropoda  in  which  there  is  no  shelly  or  homy  plate  (operculum)  by 

which  the  shell  is  closed  when  the  apimal  is  withdrawn  within  it. 
Inseota  (Lat.  iTiseco,  1  cut  into).    The  class  of  Articolate  animals  commonly 

known  as  Insects. 
iNSKcrrvoRA  (Lat.  insectum,  an  insect ;  voro,  I  devour).    An  order  of  Mammals. 
Insectivorous.    Living  upon  Insects. 
Insessores  (Lat.  insideo,  i  sit  upon).    The  order  of  the  Perching  Birds,  often 

called  Pasteres. 
Interambulacra.    The  rows  of  plates  in  an  Bchinoid  which  are  not  perforated 

for  the  emission  of  the  "  tube-feet." 
INTERMAXILUB.    (See  PrsmaxiUsB. ) 
Intbrradial.    Applied  to  structures  in  the  Echinoderms  which  are  situated 

between  the  "radii"  or  radiating  segments,  of  which  the  body  of  one  of 

these  animals  is  made  up. 
Intussusception  (Lat.  tnAw,  within ;  suadpiOf  I  take  up).    The  act  of  taking 

foreign  matter  into  a  living  being. 
Invebtebrata  (Lat.  in,  without ;  vert^nu,  a  bone  of  the  back).    Animals 

without  a  spinal  column  or  backbone. 
Ischium  (6r.  ischion,  the  hip).    One  of  the  bones  of  the  pelvic  arch  in  Verte- 
brates. 
ISOPODA  (Gr.  isoa,  equal ;  pedes,  feet).    An  order  of  Crustacea,  in  which  the 

feet  are  often  like  one  another  and  equal. 

JuQULAR  (Lat.  jugtUum,  the  throat).  Connected  with,  or  placed  upon,  the 
throat.  Appued  to  the  ventral  fins  of  fishes  when  they  are  placed  beneath 
or  in  advance  of  the  pectorals. 

Eainozoio  (Gr.  hainos,  recent ;  eoS,  life).  The  Tertiary^  period  in  Geology, 
comprising  those  formations  in  wluch  the  oiganic  remams  approximate  more 
or  less  closely  to  the  existing  fauna  and  fiora. 

Eeratode  (Gr.  keras,  horn ;  eidos,  form).  The  homy  substance  of  which  the 
skeleton  of  many  Sponges  is  made  up. 

Labium  (Lat  for  lip).  Restricted  to  the  lower  lip  of  Arthropods. 
Labrum  (Lat.  for  hp).  Restricted  to  the  upper  lip  of  Arthropods. 
Labtrinthodontia  (Gr.  laburirUhos,  a  labyrinth ;  odous,  tooth).    An  extinct 

order  of  Amphibia,  so  called  from  the  complex  microscopic  stracture  of 

the  teeth. 
Lacertilia  (Lat  lacerta,  a  lizard).    An  order  of  JUptilia  comprising  the 

Lizards  and  Slow-worms. 
L.£MODIPODa  (Gr.  laimos,  throat ;  die,  twice ;  pedes,  feet).    A  group  of  Crus- 
tacea, so  called  because  they  have  two  feet  placed  far  forwards,  as  it  were 

under  the  throat. 
Lamelubranohiata  (Lat  2ame22a^aplate;  Gr.  bmgehia,  sill).    The  class  of 

MoUusca,  comprising  the  ordinary  Bivalves,  characterised  by  the  i)Ossession 

of  lamellar  gills. 
Lamellirostres  (Lat  lamella,  -a  plate;  rostrum,  beak).    The  flat -billed 

Swimming  Birds  (Natatores),  such  as  Ducks,  Geese,  Swans,  &c. 
Larva  (Lat  a  mask).    The  insect  in  its  first  stage  after  its  emergence  from 
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.  the  egg,  when  it  is  lunally  yery  different  Arom  the  adnlt.  Applied  In  a  gen- 
eral sense  to  the  young  form  of  any  animal,  particularly  if  unlike  the 
adult 

Labtnz.  The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropnate 
muscles  and  cartilages,  situated  beneath  the  hyoid  bone,  and  ooaoBmed  in 
Mammals  in  the  prc^uction  of  vocal  sounds. 

Lemuboidxa  (Lat.  lemurea,  ghosts;  Gr.  eidoa,  form).  The  divisioQ  of 
JPrimaits  of  which  the  Lemurs  are  the  type. 

LjUiTiouLAB  (Lat.  Una,  a  bean).    Shaped  liKe  a  biconvex  lens. 

Lkfidoftera  (Gr.  lepis,  a  scale ;  pteron,  a  wing).  An  order  of  Lnsects,  com- 
prising Butterflies  and  Moths,  cnaracterised  by  possessing  four  wings  which 
are  usually  covered  with  minute  scales. 

LXFTOCABDIA  (Gr.  leptoa,  slender,  small ;  cardia,  heart).  The  name  giveii  by 
Miiller  to  the  order  of  Fishes  comprising  the  Lancelot,  now  called  Phatyu- 
golnuTtchii. 

LiOAMENTUM  NUOHiB  (Lat.  nttcko,  the  nape  of  the  neck}.  The  band  of  elastic 
fibres  by  which  the  weight  of  the  head  m  Mammalia  is  supported. 

LmoUAL  (Lat.  lingua,  the  tongue).    Connected  with  the  tongue. 

LiBSBNCEFHALA  (Gr.  Itssos,  smooth ;  effhephalos,  brain).  A  primary  division 
of  Mammaliay  according  to  Owen,  m  which  the  cerebral  hemufpheres  an 
smooth  or  have  few  convolutions. 

Ltthoctsts  (Gr.  lUhoa,  a  stone ;  kusUi,  a  cyst).  The  sense-oigans  or  "  mar- 
ginal bodies  "  of  the  Lucemarida  or  8Ug<iaMph£haLmaU  Meduaot, 

LoNoiPENNATJE  (Lat  UmgiUy  long ;  penna,  wing).  A  group  of  the  Natalotial 
Birds. 

L0NOIBO8TBAL  (Lat  longiu;  rostrum,  beak).  Applied  to  the  slender  and 
soft-tipped  beak  of  Snipes  and  allied  oirds. 

LOPHOPHOBB  (Gr.  lophoSf  a  crest ;  and  j^^ro,  I  carry).  The  disc  or  stage  upon 
which  the  tentacles  of  the  Pdyzoa  are  borne. 

LoFHTBOPODA  (Gr.  lophowros^  having  stiff  hairs ;  and  pode»t  feet).  A  sectioB 
of  Crustacea, 

LOBiCA  (Lat  a  breast-plate).  Applied  to  the  protective  case  with  which  cer- 
tain Infusoria  are  provided. 

LoBiCATA  (Lat.  lorica^  a  cuirass).  The  division  of  Beptiles  comprising  the 
Chelonia  and  CrocodUia,  in  wnich  bony  plates  are  developed  in  the  skm 
{dermis), 

LUGEBNABIDA  (Lat  lucema,  a  lamp).    A  division  of  the  HydrowcL 

LnifBAB  (Lat  lumbus,  loin).    Connected  with  the  loins. 

LuNATB  (Lat.  luruiy  moon).    Crescentic  in  shape. 

Ltenoephala  (Gr.  Zko,  1  loose ;  egk^halot,  brain).  A  primary  division  of 
Mammals  according  to  Owen. 

Macbuba  (Gr.  maJcros,  long ;  oura,  tail).    A  tribe  of  Decapod  Crufttaemns 

with  long  tails  {e.g.,  the  Lobster,  Shrimp,  &c.) 
Madbepobifobm.    Perforated  with  small  holes,  like  a  coral ;  applied  to  the 

tubercle  ("  madreporite ")  by  which  the  ambulacral  system  of  the  Ednnth 

derma  mostly  communicates  with  the  exterior. 
Malacostbaca  (Gr.  malakos,  soft ;  ottrdkxm,  shell).    A  division  of  tTncsfocea. 

Originally  applied  by  Aristotle  to  the  entire  class  Crustacea,  because  l^b/or 

shells  were  softer  thim  those  of  the  MoUusca. 
Mallophaoa  (Gr.  malloa,  a  fleece ;  phago,  I  eat).    An  order  of  Insects  which 

are  mostly  parasitic  upon  birds. 
Mammalia  (Lat.  mamma,  the  breast).    The  class  of  Vertebrate  animals  which 

suckle  their  young. 
Mandiblb  (Lat.  mandibutumy  a  jaw).     The  first  pair  of  jaws  in  Insects ; 

also  applied  to  one  of  the  pairs  of  jaws  in  Onuiacea  and  Spiders,  to  the  beak 

of  Cephalopods,  tiie  lower  jaw  of  Vertebrates,  &c. 
Mantlb.    The  dorsal  integument  of  most  of  the  Mollnsca,  which  is  lanely 

developed,  and  forms  a  cloak  in  which  the  viscera  are  protected.    Techni- 
cally called  the  "  pallium." 
Manubbtum  (Lat.  a  handle).    The  polypite  which  is  suspended  ftom  the  loof 


GLOSSARY.  897 

of  the  swunming-bell  of  a  Medusa,  or  from  the  gonocalyz  of  a  madusifbrm 

gonophore,  amongst  the  Hydroxoa. 
Maicus  (Lat.  the  hand).    The  hand  or  fore-foot  of  the  higher  Vertebrates. 
MABBiFOBRANOHn  (Gr.   nuursipotf  a  pouch ;  hragchia,  gill).    The  order  of 

Fishes  comprising  the  Hag-fishes  ana  Lampreys,  with  pouch-like  gills. 
Marsupialia  (Lat  martupium,  a  ^uch).    An  order  of  Mammals  in  which 

the  females  mostly  have  an  abdominal  pouch  in  which  the  young  are  earned. 
Mastax  (Or.  month).    The  muscular  pharynx  or  **  buccal  funnel"  into  which 

the  mouth  opens  in  most  of  the  Rot^era. 
Mastxcatobt  (Lat  masticoy  I  chew).    Applied  to  parts  adapted  for  chewing. 
Maxilla  (Lat.  jaws).    The  inferior  pair  or  pairs  of  jaws  In  the  Arthropoda 

(Insects,  Crustacea,  &c.)    The  upper  jaw-bones  of  Vertebrates. 
Maxillipkdbs  (Lat  maxillcB,  jaws ;  pes,  the  foot).    The  limbs  in  Cruttacea 

and  Myriopoda  which  are  converted  into  masticatory  organs,  and  are  com- 
monly called  "foot-jaws." 
Medulla  (Lat.  marrow).    Applied  to  the  marrow  of  bones  ;  or  to  the  spinal 

cord,  with  or  without  the  aaiective  **  apindlia" 
Medusa.    The  "  Jelly-fishes,    so  called  because  of  the  resemblance  of  their 

tentacles  to  the  snaky  hair  of  the  Medusa.     Some  Jelly-fishes  {Trachy- 

medusce)  are  independent  animals  ;  but  others  are  merely  a  single  life-stage 

in  certain  of  the  Hydrozoa, 
Medusipobm.    Resembling  a  Medusa  in  shape. 
Mbduboid.    Like  a  Medusa  ;  used  substantively  to  designate  the  medusiform 

gonophores  of  the  Hydrozoa, 
Mkmbbana  NieriTANS  (Lat  nicto,  I  wink).    The  third  eyelid  of  birds,  kc. 
Mbntum  (Lat.  the  chin).    The  basal  portion  of  the  labium  or  lower  lip  in 

Insects.    The  chin  in  man. 
Mbrostomata  <Gr.  meron,  thigh  ;  stoma,  mouth).    An  order  of  Crustacea  in 

which  the  appendages  which  are  placed  round  the  mouth,  and  which  offi- 
ciate as  jaws,  have  their  firee  extremities  developed  into  walking  or  pre- 
hensile organs. 
Mesenteries  (Gr.  mesosy  intermediate ;  enterony  intestine).    In  a  restricted 

sense,  the  vertical  plates  which  divide  the  somatic  cavity  of  an  Actinozoon. 

In  a  general  sense,  the  membrane  by  which  the  alimentary  canal  is  con- 

nectea'with  the  wall  of  the  body. 
Mesoblabt  (Gr.  tnesosy  intermediate ;  blastos,  bud).    The  middle  layer  of  cells 

("  vascular  layer")  in  the  embryo  of  the  higher  Metazoa. 
Mesoderm  (Gr.  mesos;  and  derma,  skin).     The  middle  laver  of  the  body- 
wall  of  a  Coelenterate  animal.     It  is  developed  between  toe  ectoderm  and 

endoderm,  and  consists  essentially  of  connective  tissue. 
Mesopodium  (Gr.  mesos;  aadpotiSy  foot).    The  central  portion  of  the  "  foot*' 

of  the  Gastropodous  Molluscs. 
Mesosternum   (Gr.  mesoSy  intermediate ;   stemony  the  breast- bone).     The 

middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 

second  pair  of  ribs  and  the  xiphoid  cartilage  {xiphistemum). 
Mesothorax  (Gr.  mesos;  and  thoraXy  the  chest).    The  middle  ring  of  the 

thorax  in  Insects. 
Mesozoio  (Gr.  mesos ;  and zoS,  life).    The  Secondaryperiod  in  Geology. 
Metacarpus  (Gr.  metay  after  ;  karnoSy  the  wrist).    The  bones  which  intervene 

between  the  wrist  {carpus)  and  tne  fingers. 
Metamorphosis  (Gr.  meta,  implying  change ;  morphiy  shape).    The  changes 

of  form'  which  certain  animals  undergo  in  passing  from  their  younger  to 

their  fully-grown  condition. 
Metafodium  (Gr.  meta,  after  ;  pons,  the  foot).    The  posterior  lobe  of  the  foot 

in  MoUusca  ;  often  called  the  "  operculigerous  lobe, '  because  it  develops  the 

operculum  when  this  structure  is  present 
Metastoma  (Gr.  metay  after ;  stoma,  mouth).    The  plate  which  doses  the 

mouth  posteriorly  in  the  Crustacea, 
Metatarsus  (Gr.  metay  after ;  tarsos,  the  instep).    The  bones  which  intervene 

between  the  bones  of  the  ankle  {tarsus)  and  the  digits  in  the  hind-foot  of  the 

higher  Vertebrates.  * 

3L 
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Mbtathorax  (Gr.  meiOf  after ;  thorax,  the  cliest).    The  posterior  ring  of  the 

thorax  in  Insects. 
Metazoa  (Gr.  meta,  implying  change ;  $so9n,  animal).    Applied  to  animals  in 

which  the  primitive  indifferent  tissue  of  the  embryo  beoomes  converted  into 

ceils,  which  in  torn  may  or  may  not  be  developed  into  more  complex  tissues. 

Under  this  head  are  included  all  animals  except  the  Protozoa. 
Molars  (Lat  mola,  a  mill).     The  back  teeth  of  the  milk-dentition.    Those 

back  teeth  of  the  permanent  dentition  which  are  not  preceded  by  milk-teeth. 
MOLLUSCA  (Lat  mollis,  soft).    The  sub-kingdom  of  the  Shell-fish  {Tutaeea). 

The  name  is  in  allusion  to  the  ^nerally  soft  nature  of  the  body. 
MoLLUSCOiDBA  [MoUusca  :  Gr.  evios,  form).    A  name  used  by  many  natunlists 

for  the  Brachiqpoda  and  Polyzoa,  with  or  without  the  Tunicates. 
Monads  (Gr.  monas,  unity).    Unicellular  microscopic  animals,  furnished  with 

a  single  llageilnm. 
MoNEBA  (Gr.  monSres,  single).    An  order  of  Protozoa,  comprising  aninsb 

composed  of  simple  undiflferentiated  sarcode. 
Monoculous.    Possessed  of  only  one  eye. 
MoNODBLPHiA  (Gr.  m^mof,  single ;  delphus,  womb).  The  division  of  Jtfamffwt/ui 

in  which  the  uterus  \b  single. 
MoNCECious  (Gr.  monos,  single;   oikos,  house).     Applied  to  individnals  in 

which  the  sexes  are  united. 
MoNOHYART  (Gr.  mono8,  single ;  muon,  muscle).    Applied  to  those  Bivtlve^ 

(Lamellibranchiata)  in  which  the  shell  is  closed  by  a  single  adductor  musde. 
MoNOPHYODONT  (Gr.  monos  ;  phuo,  I  generate  ;  odoua,  tooth).  Applied  to  tho»e 

Mammals  in  which  only  a  single  set  of  teeth  is  ever  developed. 
MoNOTHALAMOUS  (Gr.  numos ;  and  ihalamos,  chamber).     Possessing  only  a 

single  chamber.     Applied  to  the  shells  of  Foramin\fera  and  Molluxa. 
MONOTREMATA  (Gr.  motios  ;  trema,  aperture).    The  order  of  Mammals  com- 
prising the  Duck-mole  and  Echidna,  in  which  the  intestinal  canal  opeas 

into  a  **  cloaca  "  common  to  the  ducts  of  the  urinary  and  generative  oiigiui>. 
Morphological  (Gr.  morphg,  shape ;  logos,  discourse).    Relating  to  form  uwl 

structure,  as  opposed  to  function. 
Morula  (Lat.  dim.  of  morus,  a  mulberry).    Applied  to  ova  in  which  the  primi- 
tive segmentation-spheres  do  not  become  arranged  so  as  to  give  rise  to  a 

'^  segmentation-cavity,"  but  the  segmented  ovum  is  solid. 
MuLTiLOCULAR  (Lat.  multus,  many ;  loculus,  a  little  purse).    Divided  into 

many  chambers. 
MuLTTVALVB.    Applied  to  shells  which  are  composed  of  many  pieces. 
MuLTUNOULA  (Lat.  muUns,  many ;  ungula,  hoof)-    The  division  of  Perish 

dactyls  Ungulates,  in  which  each  foot  has  more  than  a  single  hoof. 
Myblon  (Gr.  mudos,  marrow).    The  spinal  cord  of  Vertebrates. 
Myriopoda  or  Myriapoda  (Gr.  murios,  ten  thousand  ;  nodes,  feet).    A  ck^s 

of  Arthropoda  comprising  the  Centipedes  and  their  allies,  characterised  by 

their  numerous  feet. 

Nacreous  (Fr.  ruicre,  mother-of-pearl,  originally  Oriental).    Pearly ;  of  the 

texture  of  mother-of-pearl 
Natatores  (Lat.  ruire,  to  swim).    The  order  of  the  Swimming  Birds. 
Natatory  (Lat.  nare,  to  swim).    Formed  for  swimming. 
Nauplius  (Lat.  a  species  of  Shell-fish).    The  unsegmented  ovate  larva  of  the 

lower  Crustaceans,  in  which  there  \b  a  median  eye  and  three  pairs  of  ap- 
pendages. 
Nautiloid.    Resembling  the  shell  of  the  Nautilus  in  shape. 
Neotocalyx  (Gr.  necho,  I  swim ;  kalux,  cup).    The  swimming-bell  or  "disc" 

of  a  Medusa  or  Jelly-fish. 
Nbmatblmia  (Gr.  njema,  thread ;  helmvns,  a  worm).    The  division  of  Senledda 

comprising  the  Round-worms,  Thread-worms,  kc, 
Nematocysts  (Gr.  nenutf  thread ;  kustis,  a  bag).    The  thread-cells  of  the 

Coelenierata,    (See  Cnidse.) 
Nbmatoidba  (Gr.  nema,  thread  ;  eidos,  form).    An  order  of  Seolecida  com- 

inising  the  Thread- worms.  Vinegar-eels,  &c. 
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Nbicatofhores  (6r.  nema,  thread  ;  phero,  I  carry).  Csecal  procesaes  found  on 
the  ccenosarc  of  certain  of  the  Sertvlarida,  containing  numerous  thread*cells 
at  their  extremities. 

Nbhebtida  (Gr.  Nemertes,  proper  name).  A  division  of  the  Turhdlarian 
Worms,  commonly  called  **  Ribbon-worms." 

Nbphridia  (Gr.  nephroSf  kidney).  The  tubular  oi^gans  (''segmental  orsans," 
&c.)  which  are  oelieved  to  correspond  in  many  Invertebrates  witn  tne 
kidneys  of  the  Vertebrates. 

Nervures  (Lat.  nervus,  a  sinew).  The  ribs  which  support  the  membranous 
wings  of  insects. 

Neural  (Gr.  neurcnij  a  nerve).    Connected  with  the  nervous  system. 

Neurapofhtbis  (Gr.  n«uro»,  a  nerve;  apophusis.  a  projecting  part).  The 
"spinous  process  '*  of  a  vertebra,  or  the  process  formed  at  the  point  pf  junc- 
tion of  the  neural  arches. 

Neuropodittm  (Gr.  neuron,  a  nerve ;  pons,  the  foot).  The  ventral  or  inferior 
division  of  the  "foot-tubercle"  of  an  Anndide;  often  called  the  "ventral 
oar." 

Neuroptera  (Gr.  neuron;  and  ^teron,  a  wing).  An  order  of  insects  charac- 
terised by  four  membranous  wmgs  witib  numerous  reticulated  nervures  (eg., 
Dragon-nies). 

Neuter  (Lat.  neither  the  one  nor  the  other).  Having  no  fully  developed 
sex. 

NiDiFiCATiON  (Lat.  nidus,  a  nest ;  facto,  I  make).    The  building  of  a  nest. 

Nocturnal  (Lat.  nox,  night).    Applied  to  animals  which  are  active  by  night. 

Normal  (L^t.  norma,  a  rule).    Conforming  to  the  ordinary  standard. 

NOTOBRANCHIATA  (Gr.  notos,  the  back  ;  and  bragchia^  gill).  Carrying  the  gills 
upon  the  back ;  applied  to  a  division  of  the  Annelida. 

NoTOCHORD  (Gr.  notos,  the  back ;  chords,  string).  A  cellular  rod  which  is 
developed  m  the  embryo  of  Vertebrates  immediately  beneath  the  spinal 
cord,  and  which  is  usually  replaced  in  the  adult  by  the  vertebral  column. 
Often  it  is  spoken  of  as  the  "  chorda  dorsalis." 

NoTOPODiUM  (Gr.  notos,  the  back  ;  and  pous,  the  foot).  The  dorsal  division 
of  one  of  the  foot-tubercles  or  parapodia  of  an  Annelide;  often  called  the 
"dorsal  oar." 

Nuchal  (Lat.  nucha,  the  nape  of  the  neck).  Applied  to  structures  situated 
on  the  nape  of  the  neck. 

Nucleated.    Possessing  a  nucleus  or  central  particle. 

Nucleolus.  The  minute  solid  or  vesicular  body  in  the  interior  of  the  nucleus 
of  a  celL 

Nucleus  (Lat.  a  kernel).  1.  The  solid  or  vesicular  body  found  in  the  interior 
of  many  cells.  2.  The  "  madreporite "  of  the  Echinoderms.  3.  The  em- 
bryonic shell  which  is  retained  in  many  Molluscs  to  form  the  apex  of  the 
adult  shell. 

NuDiBRANGHLiTA  (Lat.  nudus,  naked ;  and  Gr.  hragchia,  gill).  An  order  of 
the  Gastropoda  in  which  the  gills  are  naked. 

Ntmph.    The  active  pupa  of  certain  Insects. 

Occipital.    Connected  with  the  occiput  or  the  back  part  of  the  head. 

Oceanic.    Applied  to  animals  which  inhabit  the  open  ocean  (= pelagic). 

Ocelli  (Lat.  diminutive  of  ocvlus,  eye).  The  simple  eyes  of  many  Echino- 
derms, Spiders,  Oustaceans,  Molluscs,  &c 

OcTOPODA  (Gr.  octo,  eight ;  pous,  foot).  The  tribe  of  Cuttle-fishes  with  eight 
arms  attached  to  the  head. 

Odontocbti  (Gr.  odous,  tooth ;  ketos,  whale).  The  "  toothed "  Whales,  in 
contradistinction  to  the  "whalebone"  Whales. 

Odontoid  (Gr.  odous  ;  eidos^  form).  "  The  odontoid  process  "  is  the  centrum 
or  body  of  the  first  cervical  vertebra  (atlas).  It  is  detached  from  the  atlas, 
and  is  often  anchvlosed  with  the  second  cervical  vertebra  {axis),  and  it  forms 
the  pivot  upon  which  the  head  rotates. 

Odontophora.  a  name  given  by  Professor  Huxley  to  the  Gastropoda,  Ftero- 
poda^  and  Cephalopoda  collectiv^y,  from  the  presence  in  these  groups  of  the 
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stnicture  known  as  the  "  odontophore. "   The  name  **  GlosM^phora  *'  has  been 
proposed  by  Professor  Ray  Lankester  for  the  same  gnoaps. 

Odontofhobb  (Gr.  odous,  tooth ;  jj^herOf  I  carry).  The  peculiar  masticatocy 
apparatus  of  the  Molluscs  (ezclasive  of  the  Bivalves). 

Odontobnithes  (Gr.  ocUms,  tooth;  omis,  bird).  An  extinct  sub-class  of 
Birds,  comprising  forms  with  distinct  teeth  in  sockets  or  in  a  groove. 

(EsoPHAons.    The  gullet  or  tube  leadin£[  from  the  month  to  the  stomach. 

OuooCHJiTA  (Gr.  Migos,  few  ;  chaiU,  hair).  An  order  of  Annelida,  compris- 
ing the  Earth-worms,  in  which  there  are  few  bristles. 

Omasum  (Lat  buUock's-tripe).  The  third  stomach  of  Ruminants,  commonly 
called  the  pscUteriuM,  or  manyplies. 

Omkivorous  (Lat.  omnia,  everything ;  voro,  I  devour).  Feeding  indiscrimi- 
nately upon  all  sorts  of  food. 

Ontooenksis  (Gr.  anta,  beings ;  genesis^  birth).  The  development  of  the  in- 
dividual, as  opposed  to  the  development  of  the  species. 

Ontchophoba  (Gr.  onux,  claw  or  nail ;  phero,  I  carry).  The  order  of  which 
Peripatus,  with  its  hooked  feet,  is  the  type. 

O0CT8T8  (Gr.  oOn,  egg ;  kustis,  bladder).  Chambers  appended  to  the  cells  of 
certain  of  the  Polyzoa,  which  serve  as  a  receptacle  for  the  ^sgs.  Sometimes 
called  "  ovicells  "  or  "  ooecia." 

Opbrculata  (Lat.  (yperculum.  a  lid).  A  division  of  pulmonate  OaMrvpoda, 
in  which  the  shell  is  closed  by  an  operculum. 

Operculum.  A  homy  or  shelly  plate  developed  in  certain  MoUusca  upon 
the  hinder  part  of  the  foot,  and  serving  to  close  the  aperture  of  the  shell 
when  the  animal  is  retracted  within  it  ;*  also  the  lid  of  the  shell  of  a  Balanut 
or  Acorn-shell ;  also  the  chain  of  flat  bones  which  covers  the  gills  in  many 
flshes. 

Ophidia  (Gr.  ophie,  a  serpent).    The  order  of  Reptiles  comprising  the  Snakei. 

Ophiomorpha  (Gr.  opkis  ;  morphi,  shape).  The  order  of  Ampnuna  compris- 
ing the  C(KcUice. 

Ophiuroidea  (Gr.  ophis,  snake ;  oura,  tail ;  eidos,  form).  An  order  otEchituh 
dermata  comprising  the  Brittle-stars  and  Sand-stars. 

Opisthobranchiata  (Gr.  opytthen,  behind;  bragchia,  gill).  A  division  of 
Gcuiropoda,  in  which  the  gills  are  placed  on  the  posterior  part  of  the  body. 

Opisthoocelous  (Gr;  qpisthen,  behind ;  koilos,  hollow).  AppUed  to  vertebne 
the  bodies  of  wnieh  are  hollow  or  concave  behind. 

Oral  (Lat.  os,  mouth).    Connected  with  the  mouth. 

Ornithodelfhia  (Gr.  amis,  a  bird ;  ddphus,  womb).  The  primary  division 
of  Mammals  comprising  the  Monotremata, 

ORTHOCERATiDiE  (Gr.  orthos,  straight ;  keras,  horn).  A  family  of  the  yau- 
iilidce,  in  which  the  shell  is  straight,  or  nearly  so. 

Orthoftbra  (Gr.  orthos,  straight ;  pteron,  w'ing).    An  order  of  Insects. 

Oscula  (Lat.  diminutive  of  os,  mouth).  1.  The  large  apertures  by  which  s 
sponge  is  perforated  (*'exhalant  apertures").  2.  The  suckers  with  which 
tne  Tceniada  (Tape- worms  and  Cystic  Worms)  are  provided. 

Ossicula  (Lat.  diminutive  of  os,  bone).  Literally  small  bones.  Often  used 
to  desipate  any  hard  structures  of  small  size,  such  as  the  calcareous  plates 
in  the  mtegument  of  the  Star-fishes. 

OSTRACODA  (Gr.  ostrakon,  a  shell).  An  order  of  small  Crustaceans  which  are 
enclosed  in  bivalve  shells. 

Otoctst  (Gr.  ous,  ear  ;  kustis,  bladder).  A  simple  form  of  auditorr  apparatus, 
consisting. of  a  membranous  sac  or  vesicle,  filled  with  fluid  and  containing 
mineral  particles  in  its  interior. 

Otoliths  (Gr.  ous,  ear ;  and  lithoSf  stone).  The  calcareous  bodies  connected 
with  the  sense  of  hearing,  even  in  its  most  rudimentary  form. 

Ovarian  tesiclbs  or  capsules.    The  reproductive  buds  of  the  Serlularida^ 

Ovary  (Ovarium).    The  organ  by  which  ova  are  produced. 

OviPAROUB  (Lat.  ovum,  an  egg ;  and pario,  I  bring  forth).  Applied  to  animab 
which  bring  forth  eggs,  in  contradistinction  to  those  which  bring  forth  their 
young  alive. 

OviPOSiTOB  (Lat  ornMn;  and  pono,  I  place).    The  oigan  possessed  by  some  In- 


GLOSSARY.  901 

sects,  by  means  of  which  the  eggs  are  placed  in  a  position  suitable  for  their 

development. 
Ovisac.    The  external  bag  or  sac  in  which  certain  of  the  Invertebrates  carry 

their  eggs  after  they  are  extruded  ftt)m  the  body. 
OvoyiTiPAROns  (Lat.  ovumj  egg ;  viviu^  alive ;  pario,  I  produce).    Applied  to 

animals  which  retain  their  eggs  within  the  body  until  they  are  hatcned. 
Ovum  (Lat  an  eigg).    The  germ  produced  within  the  ovarv,  and  capable  under 

certain  conditions  of  being  developed  into  a  new  individnaL 

Paohtderhata  (Or.  pctchua,  thick  ;  derma,  skin).  An  old  Mammalian  order 
constituted  by  Cuvier  for  the  reception  of  the  Rhinoceros,  Hippopotamus, 
Elephant,  &c 

Palaontoloqt  (Or.  pcUaios,  ancient ;  onto,  beings ;  and  logos,  discourse).  The 
science  of  fossil  remains  or  of  extinct  organised  beines. 

Paubozoic  (6r.  pcUaios,  ancient ;  and  zoi,  life).  Applied  to  the  oldest  of  the 
great  palseontoiogical  epochs. 

Pali  (Lat.  palutj  a  stake).  Vertical  calcareous  plates  which  in  certain  Oorals 
are  developed  m  a  cycle  internal  to  the  free  edges  of  the  proper  septa. 

Paluobranohiata  (Ijat  vallium,  a  cloak ;  and  Gr.  hmgckia,  gill).  An  old 
name  for  the  Brackiopoaa,  founded  upon  the  belief  that  the  system  of  tubes 
in  the  mantle  constituted  the  gills. 

Pallium  (Lat.  a  cloak).  The  mantle  of  the  MoUuacck  Pallial:  relatins  to 
the  mantle.  PdUial  line  or  impression:  the  line  left  in  the  dead  snell 
by  the  muscular  mai]gin  of  the  mantle.  Pallial  shell :  a  shell  which  is 
secreted  by,  or  contained  within,  the  mantle,  such  as  the  "bone"  of  the 
Cuttle-fishes. 

Palpi  (Lat.  palpo,  I  touch).  Processes  supposed  to  be  organs  of  touch,  de- 
veloped from  certain  of  the  oral  appendages  in  Insects,  Spiders,  and  Crus- 
tacea, and  from  the  sides  of  the  mouth  in  tne  Acephalous  Molluscs. 

Pansfermt  (Gr.  pan,  all ;  sperma,  seed).  The  theory  that  Uving  beings  are 
never  produced  except  from  pre-existent  living  beings. 

Papilla  (Lat.  for  nipple).     A  minute  soft  prommence. 

Paranucleus.  The  so-called  **  nucleolus  "  of  the  Infusoria,  which  may  be 
contained  in  the  interior  of  the  nucleus,  or  may  be  applied  to  its  exterior,  or 
may  simply  be  near  (Gr.  para,  beside)  the  latter. 

Parapodia  (Gr.  para,  beside  ;  podes,  feet).  The  unarticulated  lateral  locomo- 
tive processes  or  "  foot-tubercles  "  of  many  of  the  Annelida. 

Parietal  (Lat.  ^ries,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of  the 
body. 

Parietosplanchnic  (Lat  paries  ;  Gr.  splagchna,  viscera).  Applied  to  one  of 
the  pairs  of  nerve-ganglia  ("  visceral  ''^ganglia)  in  the  MdUusca,  as  supplying 
filaments  to  the  walls  of  the  body  and  to  the  viscera. 

Parthenogenesis  (Gr.  partkenos,  a  virgin ;  genesis^  birth).  The  production 
of  new  individuals  fh>m  unfertilised  ova,  and  therefore  without  the  inter- 
vention of  a  male. 

Patagium  (Lat.  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in- 
tegument b^  which  Bats,  Flying  Squirrels,  and  other  animals  support 
themselves  m  the  air. 

Patella.  The  knee-cap  or  knee-pan.  A  sesamoid  bone  developed  in  the 
tendon  of  insertion  of  the  fipreat  extensor  muscles  of  the  thigh. 

Pauropoda  (Gr.  pauros,  little ;  podes,  feet).    An  order  of  Afyriopoda, 

Pectsn  (Lat.  a  comb).  A  pecubar  fold  of  the  choroid  coat  of  the  eye  of  Birds, 
which  is  continued  obliquely  through  the  vitreous  humour  to  the  lens. 

Peotinate  (Lat.  pecten,  a  comb).    Comb-like. 

Pbctinibranchiata  (Lat  vecten;  Gr.  bragchia,  gill).  Applied  to  certain  of 
the  Gastropods,  from  their  comb-like  gills. 

Pectoral  (Lat  pectus,  chest).    Connected  with,  or  placed  upon,  the  chest. 

Pedal  (Lat.  pes,  the  foot).  Connected  with  the  foot  of  any  animal  Applied 
more  particularly  to  structures  connected  with  ttie  "  foot "  of  Molluscs. 

Pedicel  (Lat  dim.  of  pes,  foot).  A  small  stem  or  stalk.  Applied  in  a  re- 
stricted sense  to  the  ** tube-feet"  of  Echinoderms. 
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PSDICKLLARIJB  (Lat.  pedtceUut,  a  louse).    Certain  singular  appendages  foiund 

in  many  Echinoderms,  attached  to  the  surface  of  the  body,  and  reeembling 

a  little  beak  or  forceps  supported  on  a  stalk. 
PBDictB  (Lat.  dim.  oipes^  the  foot).    A  little  stem. 
Pedipalpi  (Lat.  pea^  foot ;  palpo,  I  feel).    The  order  of  Arachnida  comprisiiig 

the  Scorpions.    Sometimes  used  as  a  name  for  the  maxillary  palpi  of  the 

Arachnida  generally. 
Peduncle  (Lat.  pedunculus,  a  stem  or  stalk).    In  a  restricted  sense  applied 

to  the  muscular  process  by  which  certain  Brachiopods  are  attached,  and  to 

the  stem  which  bears  the  body  (capitulum)  in  Barnacles. 
Pedunculate.    Possessing  a  peduncle. 
Pelagic  (Gr.  pelagoa,  sea).    Inhabiting  the  open  ocean. 
Pelectpoda  (Or.  pelekus,  an  axe  ;podeSf  feet).    A  name  often  applied  to  tbe 

Lamellibranchiata,  on  account  oi  many  of  them  having  a  hatchet-shaped,  or 

sickle-shaped  foot. 
Pelmatozoa  (Gr.  pelma,  stalk  ;  zoa,  animals).    Applied  as  a  coUectiTe  term  to 

indicate  the  Crinoids,  Cystoids,  and  Blastoids,  as  opposed  to  the  other  Ech* 

inoderms  {Echinozoa), 
Pelvic.    Connected  with  the  pelvis,  or  with  the  hind-limbs  generally. 
Pelvis  (Lat.  a  basin).    Applied  to  the  basin-shaped  struoture  formed  by  the 

union  of  the  two  pelvic  arches  with  the  sacrum  m  the  higher  Vertebrates. 
Perennibranchiatb  (Lat  jaerennit,  perpetual ;  Gr.  bragchia^  gill).     Applied 

to  Amphibians  which  retam  the  gills  throughout  life. 
Peroambntacbous  (Lat.  pergamena,  parchment).    Of  the  texture  of  pardi- 

ment. 
Pericardium  (Gr.  peri,  around ;  hardia,  heart).    The  serous  membrane  in 

which  the  heart  is  contained. 
Periderm  (Or.  peri,  around;  and  derma,  skin).    The  hard  cuticular  layer 

which  is  developed  by  the  ccenosarc  of  certain  of  the  Hydrozoa, 
Perigastric  (Gr.  peri,  around  ;  and  gaster.  stomach).    The  perigastric  space 

is  the  cavity  which  surrounds  the  stomacn  and  other  viscera,  corresponding 

to  the  abdominal  cavity  of  the  higher  aoimals. 
Periostracum  (Gr.  peri  ;  and  ostrakorif  shell).    The  layer  of  epidennis  which 

covers  the  shell  in  most  of  the  MoUusca. 
Periprogt  (Gr.  peri,  around ;  proktos,  anus).    The  calcareous  membrane  sur- 
rounding the  anus  in  the  Sea-urchins. 
Perisarc  (Gr.  peri,  around ;  aarx,  flesh).    Employed  by  Prof.  Allman  as  a 

general  term  for  the  chitinous  envelope  secreted  by  many  of  the  Uydrotoa. 
Pkusomb  (Gr.  peri  ;  and  eoma,  body).    The  coriaceous  or  calcareous  integu- 
ment of  the  Echinodermata, 
Pbrissodacttla  (Gr.  perissos,  uneven  ;  daMulo9,  ^nger).    Applied  to  those 

Hoofed  Quadrupeds  ( UngiUata)  in  which  the  feet  have  an  uneven  number 

of  toes. 
Peristome  (Or.  peri;  and  stoma,  mouth).    The  space  which  intervenes  be- 
tween the  mouth  and) the  margin  of  the  calyx  in  rorticeUa;  also  the  space 

between  the  mouth  and  the  tentacles  in  a  Sea-anemone  {Actinia) ;  also  the 

lip  or  maigin  of  the  mouth  of  a  univalve  shell. 
Perivisceral  {Qtr.peri;  and  Lat.  viscera,  the  internal  oigans).    Applied  to 

the  space  surrounding  the  viscera. 
Pes  (Lat.  foot).    Applied  in  a  restricted  sense  to  the  hind-feet  of  Vertebrates. 
Pbtaloid.    Shaped  like  the  petals  of  a  flower. 
Phalanges  (Gr.  phalanx,  a  row).    The  small  bones  composing  the  digits  of  the 

higher  Vertehrata. 
Phartnoobrancbii  (Gr.  pharugx,  pharynx;  hragehia,  gill).    Tbe  order  of 

Fishes  comprising  only  tne  Lancelet. 
Pharynx.    The  dilated  commencement  of  the  gullet 
Phragmacone  {Otx.  phragma.  a  partition ;  and  kBnos,  a  cone).    The  chambered 

portion  of  the  internal  shell  of  a  Belemnite, 
Phtlactolamata  (Gr.  phulasso,  I  guard ;  and  laimos,  throat).    The  division 

of  Pdyzoa  in  which  the  mouth  is  provided  with  the  arched  valvular  process 

known  as  the  '*  epistome." 
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Phtixoctsts  (6r.  phuUon.  leaf;  and  kustiSf  a  cyst).  The  cavities  in  the  int 
terior  of  the  '*  hydrophyilia  "  of  certain  of  the  Oceanic  Hydrozoa, 

Phtllopoda  (Gr.  phuuon,  leaf ;  Bud  pous,  foot).    An  order  of  Crustacea. 

Phtloobmesib  (Gr.  phulon,  race ;  genesis,  ori^).  The  development  of  the 
species  or  rcux,  as  opposed  to  that  of  the  individual, 

Phtooemmaria  (Gr.  »Auo,  I  produce :  and  Lat.  gemma,  bud).  The  small 
gonoblastidia  of  Velella,  one  of  the  Physophorida, 

Physophorida  (Qt.phusa,  bellows  or  air-oladder;  andj>A«ro,  I  carry).  An 
order  of  Oceanic  ^drozoa, 

Phttoid  (Gr.  phuton,  a  plant ;  and  eidos,  form).    Plant-like. 

Phttofhagoub  (Gr.  phuton,  a  plant ;  and  phago,  I  eat).  Plant-eating,  or 
herbivorous. 

Pinnate  (Lat.  pinna,  a  feather).  Feather-shaped,  or  possessing  lateral 
processes. 

PiNNiORADA  (Lat.  pinna,  a  feather ;  gradior,  I  walk).  The  group  of  Cami- 
vara,  comprising  the  Seials  and  Walruses,  adapted  for  an  aquatic  life.  Often 
called  Pinnipeaia, 

PlNNULiB  (Lat  dim.  of  ^nna).  The  lateral  processes  of  the  arms  of  Orinoids. 
Slender  lateral  processes  of  any  kind. 

Pisces  (lAt,  piscts,  a  fish).    The  class  of  Vertebrates  comprising  the  Fishes. 

Placenta  (Lat  a  cake).  The  '' after-birth,"  or  the  oi|^  by  which  a  vascu- 
lar connection  is  established  in  the  higher  Mammalta  between  the  mother 
and  the  foetus. 

Placental.    Possessing  a  placenta,  or  connected  with  the  placenta. 

Placoid  (Gr.  plax,  a  plate ;  eidos,  form). ,  Applied  to  the  irregular  bony 
plates,  Krains,  or  spmes  which  are  found  in  the  skin  of  various  fishes 
(ElasnMnunchii), 

Plaqiostomi  (Gr.  plagios,  transverse  ;  stoma,  mouth).  The  Sharks  and  Bays, 
in  which  the  mouth  is  transverse,  and  is  placed  on  the  under  surface  of  the 
head. 

Planarida  (Gr.  plant,  wandering).    A  sub-order  of  the  TurbeUaria, 

Plantigrade  (Lat.  plania,  the  sole  of  the  foot ;  gradior,  I  walk).  Applying 
the  sole  of  the  foot  to  the  ground  in  walking. 

Planula  (Lat.  planus,  flat).  A  form  of  embryo  in  various  groups  of  Inverte- 
brates, consisting  of  two  liayers  of  cells  without  a  central  segmentatiou'cavity. 

Plasmodium  (Gr.  plasma,  something  moulded ;  eidos,  form).  The  proto- 
plasmic network  or  sjoigregate  formed  by  the  more  or  less  complete  coal- 
escence of  a  number  of  cytodes. 

Plastron.    The  lower  or  ventral  portion  of  the  bony  case  of  the  Ohelonians. 

Platyeuoa  (Gr.  pilatus,  broad;  and  helmins,  an  intestinal  worm).  The 
division  of  Scolecida  comprising  the  Tape-worms,  &c. 

Plattrhina  (Gr.  platus,  broad  ;  rkines,  nostrils).  The  South  American  Mon- 
keys,: characterised  by  their  flat  noses,  with  a  wide  septum  narium,  and 
having  the  nostrils  placed  far  apart. 

Pleura  (Gr.  the  side).  The  serous  membrane  covering  the  lung  in  the  air- 
breathing  Vertebrates. 

Pleurodont  (Gr.  pleuron,  side;  odous,  tooth).  Applied  to  the  teeth  of 
Lizards  which  are  anchylosed  with  the  inner  margin  of  the  alveolar  border  of 
the  jaw. 

Pleuron  or  Pleura  (Gr.  pleuron,  side,  or  rib).  The  lateral  extension  of  the 
shell  of  the  Crustacean  segment  at  the  point  where  the  sternum  and  texgum 
join. 

Pluteub  (Lat  a  pent-house).    The  larval  form  of  the  Behinoidea, 

Pneumatic  (Gr.  pneuma^  air).    Filled  with  air. 

Pneumatoctbt  (Gr.  pneuma,  air ;  and  kustis,  cyst).  The  air-sac  or  float  of 
certain  of  the  Oceanic  Hydrozoa  (Physophoridcg), 

Pneumatophorb  (Gr.  pneuma,  air ;  and  pkero,  I  carry).  The  proximal 
dilatation  of  the  coenosarc  in  the  Physophovidos  which  surrounds  the  pneu- 
matocyst 

Pneumoskblbton  (Gr.  pnewna  ;  and  skeHetos,  dry).  The  hard  structures  which 
are  connected  with  the  breathing  organs  {e.g,,  ue  shell  of  Molluscs). 
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PODOFHTHALMATA  (Or.  pow^  foot ;  and  opfUhaUnM^  eye^     The  divinoii  of 
.    Crastacea  in  wbicn  the  eyes  are  borne  at  the  end  of  long  foot-stalks. 
PoDOfiOMATA  (Gr.  p(M8,  foot ;  soma,  body).    An  order  of  Arachaiida, 
POBPHAOA  (Gr.  poij  grass  ;  phago,  I  eat).    A  group  of  the  MaT8apial& 
PoLLBX  (Lat.  the  thumbl    The  innermost  of  the  five  noimal  digits  of  the 

anterior  limb  of  the  higner  Vertebrates.    In  man,  the  thumb. 
PoLTCHJTTA  (Gr.  jM)lu8,  many ;  chaiti,  bristle).    A  name  often  applied  to  the 

Tnbicolar  and  Errant  Annelides  to  distinguish  them  collectively  from  the 

Oligockoeta  (Earth-worms,  &c.) 
PoLTCYSTDfA  (Gr.  w^us,  many  *  and  kustis,  a  cyst).    An  order  of  Profawa, 

with  foraminated  siliceous  shells. 
POLTOASTRICA    (Gr.  poluB ;   and  gcuter,  stomach).    The  name  applied  by 

Ehrenbeiig  to  the  Itifiuoria,  under  the  belief  that  they  possessed  many 

stomachs. 
POLTPART.    The  hard  chitinous  covering  secreted  by  many  of  the  Hydn 


POLTFB  (Gr.  pohu,  many ;  pwu^  foot).  Restricted  to  the  single  individual  of 
a  simple  ActinoxoUn^  such  as  a  Sea-anemone,  or  to  the  separate  zooids  of  a 
compound  ActinozoGn,  Often  applied  indiscriminately  to  any  of  the  CcdoL- 
teraia,  or  even  to  the  Polyzoa. 

POLTFIDB.    The  separate  zoijid  of  a  PolyzoOn, 

POLTPIDOM.    The  dermal  system  of  a  colony  of  a  EydnMOn  or  PciyxtOni. 

PoLTFiTE.    The  separate  zo6id  of  a  HydrozoSn, 

PoLYBTOMK  (Gr.  polnSj  many ;  and  stomcL^  mouth).  Having  many  months ; 
applied  to  the  Acinetae  amongst  the  Protozoa. 

PoLTTHALAicouB  (Gr.  polus ;  and  thalamos,  chamber).  Having  many  cham- 
bers—applied to  the  shells  of  Foraminifera  and  Cephalopoda. 

POLYTROCHAL  (Gr.  poltu.  many  ;  trochoa,  wheel).  An  epithet  applied  to  those 
larva  of  Annelides  ana  other  Invertebrates,  in  which  then  are  successively- 
disposed  circlets  of  cilia. 

Polyzoa  (Gr.  polus  ;  and  zo6n,  animal).  A  division  of  the  MoUuscoida,  com- 
prising compound  animals,  such  as  tlie  Sea-mat    Sometimes  called  Bryotoa. 

PoLYZOARiUM.  The  dermal  system  of  the  colony  of  a  Polyzo&n  (=Polypi- 
dom). 

PoRCBLLANOUS.    Of  the  texture  of  porcelain. 

PORIPERA  (Lat  porus,  a  pore ;   and  /era,  I  cairy).     The  division  of  the 


Post- ABDOMEN.    That  portion  of  the  "abdomen"  of  Crustacea,  AraehnuUi, 

and  Myriopoda  whicn  lies  behind  the  segments  corresponding  with  the 

abdomen  of  Insects. 
PosT-AKAii.    Situated  behind  the  anus. 
PosT-(E80PHAOBAL.    Situated  behind  the  gullet 
Post-oral.    Situated  behind  the  mouth. 
P&SMAZILLJS.    The  bones  which  form  the  front  of  the  upper  jaw  in  Vertebrates, 

and  normally  carry  in  Mammals  the  upper  incisor  teeth.     In  man,  the 

pnemaxillsB  are  anchylosed  with  each  other  and  with  the  maxillae. 
Pbjbmolars  (Lat  pra^  before ;  molares,  the  grinders).     The  molar  teeth  of 

Mammals  which  succeed  the  molars  of  the  milk-set  of  teeth.    In  man,  the 

bicuspid  teeth. 
PRiB-<BSOPHAaBAL.    Situated  in  front  of  the  gullet 
pRiE-STBRNUM.    The  anterior  portion  of  the  breast-bone,  corresponding  with 

the  manubrium  stemi  of  human  anatomy,  and  extending  as  far  as  the  point 

of  articulation  of  the  second  rib. 
Primates  (Lat.  primas,  chief  or  noble).    The  order  of  Mammals  including 

Man  and  the  Monkeys.    Linnaeus  included  the  Bats  also  under  this  name. 
Proboscidba  (Lat.  proboscis,  the  snout).    The  order  of  Mammals  comprising 

the  Elephants. 
Proboscis  (Lat  or  Gr.  the  snout).    Applied  to  the  spiral  trunk  of  Lepidop- 

terous  Insects^  to  the  projecting  mouth  of  certain  Crinoids,  and  to  the  cen- 
tral polypite  in  the  Medusa. 
pROO(ELonB  (Gr.  pro,  before ;  hrilos,  hollow).    Applied  to  vertebne,  the  bodies 

of  which  are  hollow  or  concave  in  fh>nt. 
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Pbogtuchous  (Or.  pmktoBy  amu ;  eehot  I  liave).    Fosaessiiig  an  anal  aperture. 

Pbooloitib  (Or.  for  the  tip  of  the  tongue).  The  generative  segment  or  joint 
of  a  Tape-wonn. 

Pro-legs.    The  false  abdominal  feet  of  Caterpillars. 

Pronation  (Lat.  pronua,  lying  on  the  face,  prone).  The  act  of  tnnung  the 
palm  of  the  hand  downwards. 

PBOPODinif  (Or.  pro,  before ;  pou§,  foot).  The  anterior  part  of  the  foot  in 
Molluscs. 

PROBCOLEX  (Or.  prOf  before ;  seolex,  worm).  The  first  embryonic  stage  of  a 
Tape-wonn. 

Pbosobranchiata  (Or.  proad^  in  advance  of;  hragcJUa,  a  gill).  A  division 
of  Oastropodous  Molluscs  in  which  the  gills  are  situated  in  advance  of  the 
heart 

Pbosoma  (Or.  iMTO,  before ;  «oma,  body).    The  anterior  part  of  the  body. 

PROTHORAX  {Or.  pro;  and  thorax,  chest).  The  anterior  ring  of  the  thorax  of 
insects. 

Protophtta  (Or.  proloB,  first ;  and  phuton,  plant).  The  lowest  division  of 
plants. 

Protoplasm  (Or.  protos;  and  ploMOy  I  mould).  The  elementary  basis  of  or- 
ganised tissues,  or  the  elementary  form  of  living  matter. 

PROTOFODITE  (Or.  proto8,  first ;  and  potu,  foot).  The  basal  segment  of  the 
typical  limb  of  a  Onutacean. 

Protozoa  (Or.  protos;  and  zoiyn,  animal).  The  lowest  division  of  the  animal 
kingdom. 

PROVKNTRICULUS  (Lat  flTTO,  in  front  of;  ventrieultu,  dim.  of  venter,  belly). 
The  cardiac  portion  01  the  stomach  of  birds. 

Proximal  (Lat.  proximut,  next).  The  slowly -growing,  comparatively -fixed 
extremity  of  a  limb  or  of  an  oi^ganism. 

PSALTERIUM  (Lat  a  stringed  instrument).  The  third  stomach  of  Ruminants. 
{See  Omasum.) 

PsEUDEMBRTO  (Or.  pBeudos,  falsity ;  enibruon,  embryo).  The  larval  form  of 
an  Eehinoderm, 

PSBUDOBRANCHIA  (Or.  pseudos,  falsity ;  hrctgehia,  gill].  A  supplementary  gill 
found  in  certain  fishes,  which  receives  arterialised  blood  only,  and  does  not, 
therefore,  assist  in  respiration. 

PBEUDOH.SMAL  (Or.  psewioa,  falsity ;  and  hatma,  blood).  Applied  to  the  vas- 
cular system  of  Annelida, 

PsxuDOHSARTB.  The  tubular  excretory  oi^ans  (nephridia)  of  BrachiopodOy 
originally  considered  to  be  hearts. 

PsEX7DONAViCKLLJi  (Or.  pseudos,  false ;  and  Navicxda,  a  genus  of  Diatoms). 
The  embryonic  forms  of  the  OregarinicUe,  so  called  from  their  resemblance 
in  shape  to  the  Navicula, 

PsBUDOPODiA  (Or.  peeudoe ;  and  potts,  foot).  The  extensions  of  the  body- 
substance  which  are  put  forth  at  will  by  the  RhixopodcL  or  by  any  wall-less 
mass  of  protoplasm,  and  which  serve  for  locomotion  and  prehension. 

PsEUDOVA  (Or.  tueudos;  Lat.  ovum,  egg).  The  egg-like  bodies  from  which 
the  young  of  the  viviparous  Aphis  are  produced. 

Pteropoda  (Or.  pteron,  wing :  and  pons,  foot).  A  class  of  the  MdUusca  which 
swim  by  means  of  fins  attached  near  the  head. 

Pterojbauria  (Or.  pteron,  wing ;  saura,  lisard).    An  extinct  order  of  reptiles. 

Pubis  (Lat  pubes,  nair).  The  share-bone  ;  one  of  the  bones  which  enter  into 
the  composition  of  the  pelvic  arch  of  Vertebrates. 

PuLMOGASTROFOOA  (=Pulmonifera). 

PULMONATB.    Possessing  lungs. 

PULMONIFKRA  (Lat  pvJmo,  a  lung;  Bn^fero,  I  carry).  The  division  of  Oas- 
tropodous MoUusca  which  breathe  by  means  of  a  pulmonary  chamber. 

Pupa  (Lat.  a  doll).  The  stage  of  an  insect  immediately  preceding  its  appear- 
ance in  a  perfect  condition.  In  the  pupa-stage  it  is  usually  quiescent— when 
it  is  often  called  a  ' '  chrysalis  " ;  but  it  is  sometimes  active — when  it  is  often 
called  a  "nymph." 

Pygal  (Or.  pugtf  the  rump).    Connected  with  the  hinder  end  of  the  trunk. 
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Pyoidium  (Or.  ^ntoidion,  dim.  of  pugi).    The  auchylosed  somites  which  fonn 

the  caudal  shield  of  certain  Ciustaceans. 
PTL0BX7S  (Or.  puloros,  a  gatekeeper).     The  valyalar  apertnre  between  the 

stomach  and  the  int^tine. 
Pybiform  (Lat.  pyrus,  a  pear ;  And  forma,  form).    Pear-shaped. 

QuADRUMANA  (Lat.  quotuoT,  four;  manus,  hand).  Sometimes  lued  as  an 
ordinal  designation  for  the  Monkeys. 

Raoiata  (Lat.  radius^  a  ray).  Formerly  applied  to  a  laige  number  of  airimals 
which  are  now  phioed  in  wysnito  fltb-kiqgdoms  (e.^.,  the  OoelenteraUij  the 
Mekinodamataf  the  Infusoria^  &c.). 

Raoiolabia  (Lat.  radius,  a  ray).    A  division  of  Prototoa, 

Radius  (Lat.  a  spoke  or  ray).  The  innermost  of  the  two  bones  of  the  fore- 
arm of  the  higher  Vertebrates. 

Radula  (Lat.  radulay  a  scraping -iron).  The  toothed  lingnal  strap  or 
*' tongue  "  of  the  Oastropods,  Pteropods,  and  Cephalopods. 

Ramus  (Lat.  a  branch).  Applied  in  a  general  sense  to  a  branch-like  diviAon 
of  any  structure.    Each  hall  of  the  mandible  of  Vertebrates  is  the  "ramus." 

Raptores  (Lat  m»to,  I  plunder).    The  Birds  of  Prey. 

Rasores  (Lat.  rado,  I  scratch).  A  name  formerly  given  to  the  Gallinaoeoas 
Birds. 

Rattcm  (Lat.  ratis,  a  raft).  The  sub-class  of  Birds  comprising  the  Ostrich, 
kc.    So  called  from  the  raft-like  form  of  the  sternum. 

Rectricbs  (Lat  rectrix,  a  directress).  The  quill-feathers  of  the  tail  of 
Birds. 

Hbotum  (Lat.  rect^Uy  straight).    The  terminal  portion  of  the  intestinal  canaL 

REMiass  (Lat.  re/nez,  a  rower).    The  quill-feathers  of  the  wing  of  Birds. 

Reftiua  (Lat  reptOj  I  crawl).  The  class  of  the  VertebnUa  comprising  the 
Tortoises,  Snakes,  Lizards,  Crocodiles,  &c. 

Reticularia  or  Rbticulosa  (Lat.  retitMlum,  a  net).  A  designation  for  those 
Protozoa,  such  as  the  Foraminifera,  in  which  the  pseudopodia  run  into  one 
another  and  form  a  network. 

Betioulum  (Lat.  a  net).  The  second  division  of  the  complex  stomach  of 
Ruminants,  often  called  the  "honeycomb-baff." 

Retbrsed.  Applied  to  spiral  Univalves,  in  which  the  direction  of  the  spiral 
is  the  reverse  of  the  normal— i.«.,  sinistral, 

Bhabdophora  (Or.  rhaJbdos,  a  rod ;  and  phero,  I  carry).  Employed  by  Prol 
AUman  as  a  name  for  the  Oraptolites,  in  consequence  of  their  oonunonly 
possessing  a  chitinous  rod  or  axis  supporting  the  perisarc. 

Rhizophaoa  (Or.  rhiza,  root ;  ph4igo,  I  eat).    A  group  of  the  Marsupials. 

Rhizofoda  (Or.  rhiza,  a  root ;  and  pons,  foot).  The  division  of  Protoasoa  com- 
prising all  those  which  are  capable  of  emitting  pseudopodia. 

Rhopalocera  (Or.  rhopalon,  club ;  kercu,  horn).  A  name  given  to  the  But- 
terflies among  the  Lepidoptera  in  allusion  to  the  fact  that  the  antenns  are 
clubbed  at  the  end. 

Rodentia  (Lat.  rodo,  I  gnaw).  An  order  of  the  Mammals ;  often  called  Gliret 
(Lat  gflis,  a  dormouse). 

Rostrum  (Lat.  rostrum,  beak).  The  "beak''  or  suctorial  oigan  formed  by 
the  appendages  of  the  mouth  in  certain  insects.  A  snout-like  projection  of 
any  kind. 

Rotatoria  (=Rotifera). 

RonFERA  (Lat.  rota,  wheel ;  and  fero.  I  carry).  A  class  of  the  SeoUada 
characterised  by  a  ciliated  **  trochal  disc." 

RuoosA  (Lat.  rugosus,  wrinkled).    An  order  of  Corals. 

Rumen  (Lat.  the  throat).  The  first  cavity  of  the  complex  stomach  of  Rumi- 
nants ;  often  called  the  "paunch." 

RUMINANTIA  (Lat.  ruminor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru- 
peds (Clngulata)  which  "ruminate  "  or  chew  the  cud. 

Sacrum  (l4it.  os  sacrum,  the  sacred  bone).    The  vertebrss  (usually  anchyloaed) 
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with  which  the  pelvic  arches  unite.    Sometimes  there  is  only  a  single  sacral 

vertebra. 
Sand-canal  (=Stonb-canal).    A  tnbe  connected  with  the  circular  ring  of 

the  ambnlacral  system  in  the  Echinoderms,  and  usnally  communicaUug 

with  the  exterior  bv  the  madreporite. 
Saboodb  (Gr.  aarx,  flesh ;  eido8,  form).    A  name  often  nsed  to  designate  the 

protoplasmic  substance  of  which  the  bodies  of  the  Protozoa  are  made  np. 
Sarcodina.    Employed  by  BUtschli  as  a  general  term  to  include  the  Monera, 

ATncebea,  Foraminifera,  Jiadiolariay  and  Hdiozoa, 
Saubia  (Gr.  saura,  a  lisardK    Any  lizard-like  Reptile  is  often  spoken  of  as 

a  ''Sauimn,"  but  the  term  is  sometimes  restricted  to  the  Crocodiles  and 

Lizards. 
Saubofsida  (Gr.  saura  ;  and  opauy  appearance).    The  nme  ghren  by  HnilBy 

to  the  two  classes  of  the  Birds  and  Rei)tiles  collectively. 
Sauboftebtoia  (Gr.  aawra ;  pteruXj  wing).    An  extinct  order  of  Reptiles, 

called  by  Huxley  PUaiosaunaf  from  the  typical  genus  PUnomurua. 
SAUBiTBi^  (Gr.  aawra;  aura,  tail).    The  extinct  order  of  Birds  comprising 

only  the  Archasoptcryx. 
ScANBOBBS  (Lat.  acanao,  I  dimb).    A  term  often  employed  in  an  ordinal  sense 

to  indicate  the  Parrots,  Woodpeckers,  &c.y  in  wnich  the  foot  is  specially 

adapted  for  climbing. 
SOAFHOONATHITB  (Gr.  akavhos,  boat ;  and  gnaikoa,  law).    The  boat-shaped 

appendage  (epipodite)  of  the  second  pair  of  maxillse  in  the  Lobster,  the 

function  of  which  is  to  spoon  out  the  water  from  the  branchial  chamber. 
Scapula  (Lat  for  shoulder-blade).    The  shoulder-blade  of  the  pectoral  arch  of 

Vertebrates. 
ScLEBBNCHYMA  (Gr.  akUroa,  hard ;   and  enchtma,  tissue).    The  calcareous 

tissue  of  which  a  coral  is  composed. 
ScLEBiTBS  (Gr.  akieroa).    The  calcareous  spicules  which  are  scattered  in  the 

soft  tissues  of  certain  Actinozoa, 
ScLEBOBASic  (Gr.  akieroa,  hard;  baaia,  pedestal).    Applied  to  the  corallum 

which  is  produced  by  the  ccenosarc  in  certain  Achnozoa  {e,g,.  Red  Coral), 

and  which  forms  a  solid  axis  which  is  invested  by  the  soft  piurts  of  the  ani- 
mal.   It  is  called  "  foot-secretion  "  by  Dana. 
ScLEBODEBMic  (Gr.  akieroa  ;  and  derma,  skin).    Applied  to  the  corallum  which 

is  deposited  between  the  tissues  of  certain  Actinoxoa,  and  is  called  "  tissue- 
secretion  "  by  Dana. 
ScLEBOTic  (Gr.  akieroa,  hard).    The  outer  dense  fibrous  coat  of  the  eye. 
ScoLECiDA  (Gr.  akoUx,  worm).    A  division  of  the  Annuloaa,  including  the 

ErUozoay  Roiifera,  &c. 
ScoLEX  (Gr.  aholex).    An  embryonic  stage  of  a  Tape-worm,  formerly  known 

as  a  "  Cystic  worm." 
Scuta  (Lat.  actUum,  a  shield).    Applied  to  any  shield-like  plates ;  especially 

to  those  which  are  developed  in  the  integument  of  many  Reptiles. 
Selaohia  or  Selachii  (Gr.  aeUwhoa,  a  cartilaginous  fish,  probably  a  shark). 

liie  sub-order  of  Elasmcbranchii  comprising  the  Sharks  and  Dog-fishes. 
Sefiostaibe.     Tlie  internal  shell  of  the  Sepia,  commonly  known  as  the 

"cuttle-bone." 
Septa.    Partitions. 

SEBFEi«nvoBic.    Resembling  a  serpent  in  shape. 
Sebtulabida  (Lat  aertum,  a  wreath).    An  oraer  of  Hydrozoa^ 
Sesamoid  (Gr.  a8aamon,  tne  seed  of  the  Seaamum  ;  eidoa,  form).    A  "sesa- 
moid" bone  is  an  ossification  formed  in  the  tendon  of  a  muscle,  and  not 

belonging  to  the  proper  skeleton. 
Sessile  (Lat.  aedeo,  I  sit).    Not  supported  upon  a  stalk  or  peduncle ;  attached 

by  a  base. 
Setje  (Lat.  bristles).    Bristles,  or  long  stiff  hairs. 
Sbtiveboub.    Supporting  bristles. 
Setioeboub  (=Setiferous). 
Setose.    Bristly. 
SiucBOUS  (Lat.  ailex,  flint)..    Composed  of  flint. 
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SiKiSTBAL  (Lat.  Hnistra,  the  left  hand).  Left-handed ;  applied  to  the  direc- 
tion of  the  spiral  in  certain  shells,  which  are  said  to  be  "  reversed.'* 

Sinus  (Lat.  timu,  a  bay).  A  dilated  vein  or  blood-receptacle.  An  indeota- 
tion  or  cnrvature  of  a  line,  &c. 

Siphon  (Gr.  siphon,  a  tube).  Applied  to  the  respiratoiy  tabes  in  the  Moi- 
lusca;  also  to  other  tnbes  of  different  ftinctions. 

SiFHONOPHORA  (6r.  gipkon  ;  and  phtro,  I  carrv).  A  division  of  the  Hjfdrtmoa^ 
comprising  the  Oceanic  forms  {UalycophoridcB  and  Phfaophorida). 

SiPHONOSTOMATA  (Gr.  Hpfum  ;  and  stoma,  mouth).  The  division  of  OastrmtO' 
dous  Molluscs,  in  which  the  aperture  of  the  shell  is  not  "entire,"  Sat 
possesses  a  notch  or  tube  for  the  emission  of  the  respiratory  siphon. 

SiFHUNOLB  (Lat  siphunetUus,  a  little  tube).  The  tube  which  connects  t<wether 
the  various  chambers  of  the  shell  of  certain  Cephalopoda  {e.g.,  the  Peariy 
Nautilus). 

SiPUNCULOiDBA  (Lat.  siphuneuhis,  a  little  siphon).  A  name  sometimes  given 
to  the  Oephyrea, 

SiBENiA  (Gr.  seiren,  a  mermaid).  The  order  of  Mammalia  comprising  the 
DugongR  and  Manatees. 

SoLiDUNGULA  (Lat.  solidus,  solid;  ungtda,  a  hoof).  The  |px>ap  of  Hoofed 
Quadrupeds,  comprising  the  Horse,  Ass,  and  Zebra,  in  which  each  foot,  in 
the  living  forms,  has  oiuy  a  single  solid  hoof.     Often  called  SoUpedia^ 

Somatic  (Gr.  soma,  body).    Connected  with  the  body. 

SoMATOCTST  (Gr.  soma  ;  and  hutis,  a  cyst).  A  peculiar  cavity  in  the  ooenoaarc 
of  the  Calycophoridas  {Hydrozoa). 

Somite  (Gr.  somA).    A  single  segment  in  the  body  of  an  Articulate  animaL 

Spbrmarium.    The  testis,  or  organ  in  which  spermatozoa  are  produced. 

Spebmatophoreb  (Gr.  sperma,  seed  ;  phero,  1  carry).  The  variously  shaped 
packages  or  capsules  in  which  the  spermatozoa  are  aggregated  or  eucloeed  in 
many  Invertebrate  animals. 

Spermatozoa  (Gr.  sperma^  seed ;  and  xodn,  animal).  The  microscopic  fila- 
ments which  form  the  essential  generative  element  of  the  male. 

Spharidia  (Gr.  sphairidwn,  a  little  ball  or  sphere).  Minute,  stalked  appen- 
dages, with  button-shaped  heads,  carried  by  most  living  Sea-urchins,  and 
supposed  to  be  organs  of  sense. 

Spicula  (Lat.  spicuCum,  a  point).    Pointed,  needle-shaped  bodiea. 

Spinnerets.  The  organs  oy  means  of  which  Spiders  and  CattfpiUarB  spin 
threads. 

Spiracles  (Lat.  spiro,  I  breathe).  The  breathing-poree  or  apertures  of  the 
breathing-tubes  (tracheae)  of  Insects.  Also  the  single  nostril  of  the  Hag- 
fishes,  the  *' blow-hole"  of  Cetaceans,  &c 

Splanchnoskeleton  (Gr.  splagchna,  viscera  ;  skeUtos,  dry).  The  hard  stmc- 
tures  occasionally  developed  in  connection  with  the  interiud  organs  or  i ' 

Spongida  (Gr.  spoggos,  a  sponge).    The  Sponges. 

Spores  (Gr.  spora,  seed).    Germs,  usually  of  plants ;  in  a  restricted  ^ 
the  reproductive  '*  gemmules  "  of  certain  sponges. 

Sporosacs  (Gr.  spora,  seed ;  and  sakkos,  a  bag).  The  simple  generative  bads 
of  certain  Bydroxoa^  in  which  the  medusoid  structure  is  not  developed. 

Squamata  (Lat  squama,  a  scale).  The  division  of  reptiles  comprising  the 
Ophidia  and  LacertUia,  in  which  the  integument  develops  homy  scales,  but 
there  are  no  dermal  ossifications. 

Statoblasts  (Gr.  staios,  stationary ;  blastos,  bud).  Certain  reproductive  buds 
developed  in  the  interior  of  Polyzoa,  but  not  liberated  until  the  death  of  the 
parent  organism. 

Steoanophthalmata  (Gr.  steganos,  covered ;  and  ophthalmos,  the  eye).  Ap- 
plied by  Edward  Forbes  to  the  Acraspedote  Medusae,  in  which  uie  sense- 
organs  (•'  marginal  bodies")  are  concealed  from  view. 

Stellerida  (Lat.  stdUi,  a  star).  Sometimes  used  to  designate  the  order  of 
the  Star-fishes,  or  as  a  collective  name  for  the  Asteroids  and  Ophiuroids. 

Steluform.    Star-shaped. 

Stemmata  (Gr.  stemma,  garland).  The  simple  eyes,  or  *  ocelli,"  of  certain 
animals,  such  as  Insects,  Spiders,  and  Crustacea. 
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Stbrnuu  (6r.  stemon).   The  breast-bone.   By  analogy,  the  inferior  arch  of  the 

segment  of  an  Arthropod. 
Stigmata.    The  breathin^-pores  in  Insects,  Myriapods,  and  Arachnida. 
Stolon  (6r.  stoloSf  a  sending  forth).    Offshoots. — The  connecting-processes  of 

sarcode  in  Faraminifera  ;  the  connecting-tnbe  in  the  social  Ascidiatu;  the 

processes  sent  out  by  the  coRnosarc  of  certain  Actinotoa, 
Stomatodk  (Or.  stoma,  month).    Possessing  a  mouth. 
Stomatopoda  (Gr.  ttoma,  mouth;  podes,  feet).    The  order  of  Cmstaceans 

comprising  the  Locust-shrimps. 
Stbefsiftsba  (Gr.  strepho,  I  twist;  pteron,  wing).    An  order  of  Insects  in 

which  the  anterior  wings  are  represented  by  twisted  rudiments. 
Strefsirhina  (Gr.  strepko,  I  twist ;  rhines,  nostrils).    A  name  given  by  Owen 

to  the  Lemurs  and  their  allies  {Lemurmdea),  on  account  of  their  twisted 

nostrils. 
Stbobila  (Gr.  Urobilot,  a  top,  or  fir-cone).    The  adult  Tape-worm,  with  its 

generative  segments  or  proglottides ;  also  applied  to  one  of  the  stages  in  the 

life-history  of  the  Lucemanda, 
Sttliforic  (Lat.  stylus,  a  pointed  instrument;  forma,  form).    Pointed  in 

shape. 
Sub-calcarbous.    Somewhat  calcareous. 
SuB-CENTBAL.    Nearly  central,  but  not  quite. 
SxTB-PBDUNCTJLATB.    Supported  upon  a  very  short  stem. 
SuB-SESSiLB.    Nearly  sessile,  or  almost  without  a  stalk. 
Supination  (Lat.  supinus,  lying  with  the  face'upwards).    The  act  of  turning 

the  hand  with  the  palm  upwanis. 
SuTURB  (Lat.  suo,  I  sew).    The  line  of  junction  of  two  parts  which  are  im- 
movably connected  together.    Applied  to  the  line  where  the  whorls  of  a 

univalve  shell  join  one  another;  also  to  the  lines  made  upon  the  exterior  of 

the  shell  of  a  chambered  Cephcdopod  by  the  margins  of  the  septa. 
SwiMMERETS.    The  limbs  of  Crustacea  which  are  adapted  for  swimming. 
Symphysis  (Gr.  sumphusis,  a  growing  together).    Union  of  two  bones  in  which 

there  is  no  motion,  or  but  a  very  limited  amount. 
Synapticul£  (Gr.  sunapto,  I  fasten  together).     Transverse  props  sometimes 

found  in  corals,  extending  across  the  loculi  like  the  bars  of  a  grate. 
Synthetic  (Gr.  sun,  together ;  tithemi,  I  place).    An  animal  is  said  to  be  a 

"  synthetic  type  "  when  it  combines  in  itself  the  structural  characters  of  two 

different  groups. 
Syrinx  (Gr.  suriffx,  a  pipe).    The  lower  larynx  of  Birds. 
SYSTOLi  (Or.  siutello,  1  contract).    Applied  to  the  contraction  of  any  contrac- 
tile cavity,  especially  the  heart 

TABULiE  (Lat.  tabula,  a  tablet).     Horizontal  plates  or  floors  found  in  some 

Corals,  extending  across  the  cavity  of  the  ''theca  "  from  side  to  side. 
Tactile  (Lat.  tariQo,  I  touch).     Connected  with  the  sense  of  touch. 
T^NiADA  (Gr.  tainia,  a  ribbon).    The  division  of  Scolecida  comprising  the 

Tape-worms. 
T^NioiD  (Gr.  tainia;  and  eidos,  form).     Ribbon-shaped,  like  a  Tape-worm. 
Tarso-metatarsus.     The  single  bone  in  the  leg  of  Birds  produced  by  the 

union  and  anchylosis  of  the  lower  or  distal  portion  of  the  tarsus  with  the 

second,  third,  and  fourth  metatarsals. 
Tarsus  (Gr.  tarsos,  the  flat  of  the  foot).    The  small  bones  which  form  the 

ankle  (or  "instep  "  of  man),  and  which  correspond  with  the  wrist  (carpus) 

of  the  anterior  limb. 
Teotibranchiata  (Lat  tect-uSf  covered ;  and  Gr.  braachia,  gills).    A  division 

of  Opisthobranchiate  Oastropoda  in  which  the  gills  are  protected  by  the 

mantle. 
Tbgumentary  (Lat.  tegumentum,  a  covering).    Connected  with  tlie  integument 

or  skin. 
Trleostei  (Gr.  teleios,  perfect;  osteon,  bone).     The  order  of  the  "Bony" 

Fishes. 
Telson  (Gr.  a  limit).    The  last  joint  in  the  abdomen  of  Crustacea;  vari- 
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otLsly  regarded  as  a  segment  without  appendages,  or  as  an  azygoiu  ap- 

penaage. 
Tenuirostral  (Lai,  tenuis,  slender ;  rostrum,  beak).    Applied  to  the  long, 

slender,  and  pointed  beak  of  such  birds  as  Hummixig-biras. 
Tergal  (Lat.  terg^tm,  back).    Situated  on,  or  belonging  to,  the  back. 
Teroum  (Lat.  for  back).    The  dorsal  arc  of  the  somite  of  an  Arthropo<l. 
Terricola  (Lat.  terra,  earth  ;  and  colOy  I  inhabit).    Employed  occasionally  to 

designate  the  Earth-worms  {Lumbricidcg). 
Test  (Lat.  testa,  shell).    The  shell  of  MoHusea,  which  are  for  this  reason 

sometimes  called  *'  Testacea  "  ;  also,  the  calcareous  case  of  Eehinoderms  ; 

also,  the  thick  leathery  outer  tunic  in  the  Tunicala ;  also  the  shell  of  the 

Foramini/era, 
Testaceous.    Provided  with  a  shell  or  hard  covering. 

Testis  (Lat.  testiSf  the  testicle).    The  organ  in  the  male  animal  which  pro- 
duces the  generative  elements  (spermatozoa). 
Tetrabranchiata  (Gr.  tetra,  four ;  hragchia,  gills).    The  order  of  Cephalopoda 

characterised  by  the  possession  of  four  sills, 
Thalassicoluda  (Gr.  thakusa,  sea ;  koua,  glue).     A  division  of  Radidaria, 
Theca  (Gr.  thekif  a  sheath).    A  sheath  or  receptacle. 
Thecodont  (Gr.  theki,  a  sheath;  odous,  tootn).     Applied  to  that  form  of 

dentition  in  which  the  teeth  are  sunk  in  distinct  sockets  in  the  jaw. 
Thecosomata  (Gr.  theki,  a  case ;  soma,  bodv).    The  division  of  Pteropods  in 

which  the  body  is  protected  by  an  external  shell. 
Thorax  (Gr.  tftorax,  the  breast,  or  a  breast-plate).    In  the  higher  animals,  the 

thorax  is  the  region  of  the  body  which  intervenes  between  the  abdomen  and 

the  head. 
Thread-cells.    {See  Cnidae.) 
Thtsanura  (Gr.  thusanoi,  fringes ;  and  aura,  tail).    An  order  of  Aptexons 

Insects. 
Tibia  (Lat.  a  flute).    The  shin-bone,  being  the  innermost  of  the  two  bones  of 

the  leg,  and  corresponding  with  the  radius  in  the  anterior  extremity. 
Totipalmat^  (Lat.  totus,  whole  ;  palma,  the  palm  of  the  hand).    A  group  of 

Swimming  Birds  in  which  the  hallux  is  united  to  the  other  toes  by  mem- 
brane, so  that  the  feet  are  completely  webbed. 
ToxoDONTiA  (Gr.  toxon,  bow  ;  oaous,  tooth).    An  extinct  order  of  Mammals. 
Trachea  (Gr.  tracheia,  the  rough  windpipe).    The  tube  which  conveys  air  to 

the  lungs  in  the  air-breathing  Vertebrates. 
Trachea.    The  breathing-tubes  of  Insects  and  other  Articulate  animals. 
Tbachearla.     The    division    of  Arachnida  which    breathe    by  means   of 

trachesQ. 
Trematoda  (Gr.  trima,  a  pore).     An  order  of  ScoUdda, 
Trichoctsts  (Gr.  thrix,  hair ;  and  iustiSf  a  cyst).    Peculiar  rod-like  bodies 

found  in  ceiiAin  Infusoria,  and  presenting  certain  likenesses  to  the  "  thread - 

cells  "  of  Ccelenterata. 
Trilobita  (Gr.  treis,  three ;  lobos,  a  lobe).    An  extinct  order  of  Crusiaeea, 
TritozoOid  (Gr.  trUos,  third;  zo&n,  animal;  and  eidos,  form).    The  zodid 

produced  by  a  deuterozooid — that  is  to  say,  a  zooid  of  the  thira  generation. 
Trochal  (Gr.  trochos,  a  wheel).    Wheel-shaped ;  applied  to  the  ciliated  disc 

of  the  Rotifera. 
Trochanter  (Gr.  trecho,  I  run).    A  process  of  the  upper  part  of  the  thigh- 
bone {femur)  to  which  are  attached  the  muscles  which  rotate  the  limb. 

There  may  be  two,  or  even  three,  trochanters  present.    In  Insects  the  second 

joint  of  the  leg  is  called  the  trochanter. 
Trochoid  (Gr.  trochos,  a  wheel ;  and  eidos.  form).    Ck>nical  with  a  flat  base ; 

applied  to  the  shells  of  ForanUn^era  ana  Univalve  Molluscs, 
Trochospherb.    a  form  of  larva  seen  in  Rotifers,  Molluscs,  many  Worma,  &c., 

in  which  there  is  a  circlet  of  long  cilia  in  front  of  the  mouth,  and  often  one 

or  more  post-oral  rings  of  shorter  cilia. 
Trophi  (Gr.  trovhos,  a  nourisher).    The  parts  of  the  mouths  in  Insects  which 

are  concemea  in  the  acquisition  and  preparation  of  food.     Often  called 

"instrnmenta  cibaria." 
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Trofhosoms  (Or.  trephOf  I  nourish ;  and  soma^  body).  Applied  collectively 
to  the  assemblage  or  the  nutritive  zooids  of  any  Hydroxo&ti, 

Truncated  (Lat.  trunco,  I  shorten).  Abruptly  cut  off;  applied  to  univalve 
shells,  the  apex  of  which  breaks  off,  so  that  the  shell  becomes  *' decollated." 

TuBicoLA  (Lat.  tvha,  a  tube ;  and  colOy  I  inhabit).  The  group  of  Chstopod 
Annelides  in  which  the  animals  construct  a  tubular  case  in  which  they  pro- 
tect themselves. 

TuBicoLOUB.    Inhabiting  a  tube. 

Tttnioata  (Lat.  tunica^  a  cloak).  The  Ascidians  or  ''Sea-squirts/'  so  called 
ftx>m  their  possession  of  a  leathery  external  case  or  '*  test." 

TuBBBLLARlA  (Lat.  turbo,  I  disturb).     An  order  of  SeoUcida. 

Turbinated  (Lat  turbo,  a  top).    Top-shaped ;  conical  with  a  round  base. 

Ulna  (Gr.  oUni,  the  elbow).    The  outermost  of  the  two  bones  of  the  fore-aim, 

corresponding  with  i^tfinda  of  the  hind-limb. 
Umbellate  (Lat.  umbella,  a  parasol).    Forming  an  umbel— t.e.,  a  number  of 

nearly  equal  radii  all  proceeding  from  one  point 
Umbilicus  (Lat.  for  navel).    The  aperture  seen  at  the  base  of  the  axis  of 

certain  univalve  shells,  which  are  then  said  to  be  "perforated"  or  ''um- 

bilicated."    The  navel. 
Umbo  (Lat.  the  boss  of  a  shield).    The  beak  of  a  bivalve  shell. 
Umbrella.    The  contractile  disc  of  one  of  the  Acraspedote  Medusee. 
Uncinate  (Lat.  UTtdnus^  a  hook).     Provided  with  hooks  or  bent  spines. 
Unouiculate  (Lat.  unguiSf  nail).    Furnished  with  claws. 
Unoulata  (Lat.   ttngula^  hoof).     The  order  of  Mammals  comprising  the 

Hoofed  Quadrupeds. 
Ungulate.    Furnished  with  expanded  nails  constituting  hoofs. 
Unilocular  (Lat.  unua,  one ;  and  loculua.  a  little  purse).    Possessing  a  single 

cavity  or  chamber.     Applied  to  the  shells  of  Foramin\fera  and  Mollusca. 
Univalve  (Lat  untu,  one ;  valva,  folding-doors).     A  shell  composed  of  a 

single  piece  or  valve. 
Urodela  (Or.  <mra,  tail ;  deloSy  visible).    The  order  of  the  tailed  Amphibians 

(Newts,  &c.) 
Urosttle  (Gr.  oura,  tail ;  stulas.  pillar).    The  long  spine  formed  by  ossifica- 
tion of  the  sheath  of  the  hinder  end  of  the  notochord  in  many  Teleostean 

Fishes.    Also  the  elongated  "  coccyx  "  of  the  Anourous  Amphibians. 
Urtioatino-cells  (Lat.  urtica,  a  nettle).    {See  Cnidie.) 

Vacuoles  (Lat.  vacuus,  empty).    The  little  clear  spaces  which  are  seen  in  the 

protoplasm  of  the  Protozoa  generally,  and  which  are  for  the  most  part  merely 

temporary.     When  these  spaces  are  formed  round  particles  of  ingested  food, 

they  are  called  "  food- vacuoles." 
Varices  (Lat.  varix,  a  dilated  vein).    The  ridges  or  spinose  lines  which  mark 

the  fonner  position  of  the  mouth  in  certain  univalve  shells. 
Vascular  (Lat  vas,  a  vessel).    Connected  with  the  circulatory  system. 
Veliobr  (Lat  velum,  a  sail ;  gero,  I  carry).     A  name  applied  to  the  larvse  of 

many  of  the  Molluscs,  on  account  of  their  possessing  ciliated  lappets  forming 

a  '*  velum." 
Velum  (Lat.  a  sail).    The  membrane  which  surroimds  and  partially  closes  the 

mouth  of  the  ''disc"  of  the  Craspedote  Sfedusce  or  of  medusiform  gono- 

phores. 
Ventral  (Lat  venter,  the  stomach).    Relating  to  the  inferior  surface  of  the 

body. 
Ventricle  (Lat  dim.  of  venter,  stomach).    Applied  to  one  of  the  cavities  of 

the  heart,  which  receives  blood  from  the  auricle. 
Vermes  (Lat  vermis,  a  worm).    Sometimes  employed  at  the  present  day  as  a 

common  term  for  the  Scolecids  and  the  Anarthropoda, 
Vermiform  (Lat  vermis,  worm ;  and  forma,  form).    Worm-like. 
Vertebra  (Lat  ve-rto,  I  turn).    One  of  the  bony  or  cartilaginous  segments  of 

the  vertebral  column  or  backbone. 
Vertbbrata  (Lat  vertebra,  a  bone  of  the  back,  from  vertere,  to  turn).    The 
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division  of  the  AnimAl  Kingdom  roughly  chancteriaed  by  the  poflaesdon  of 

a  backbone. 
Vbsiols  (Lat.  venca,  a  bladder).    A  little  sac  or  cyst 
ViBRAonLA  (Lat.  tibro,  I  shake).    Long  filamentons  appendages  found  in  many 

Polyzoa. 
ViPEBiNA  (Lat.  vipera,  a  viper).    A  group  of  the  Snakes. 
ViTBBOUS  (Lat.  vt/nim,  glass).    Glassy,  transparent.    The  "vitreous'*  spongas 

are  those  with  a  skeleton  of  flint. 
VnnPAitons  (Lat.  vimu,  alive ;  and  pario,  I  bring  forth).    Bringing  forth 

young  alive. 

Whorl.    The  spiral  turn  of  a  univalve  shell. 

XiPHiSTBRNUM  (Gr.  xiphos,  sword ;  stemon,  breast-bone).    The  inferior  or 

posterior  segment  of  the  sternum,  corresponding  with  the  "xiphoid  caxti- 

Tage  "  of  human  anatomy. 
XiPHOSURA  (Gr.  xiphoSf  a  sword ;  and  oura,  tail).    An  order  of  Cnutaeea, 

comprising  the  LimtUi  or  King-crabs,  characterised  by  their  long  swoid- 

like  tails. 
Xtlofhaoous  (Gr.  xulon,  wood ;  And  phago,  I  eat).    Eating  wood,  applied  to 

certain  MoUtuca, 

ZBUOLODOinnDJS  (Gr.  zeugliy  a  yoke ;  odoua^  a  tooth).  An  extinct  family  of 
Cetaceans,  in  which  the  molar  teeth  are  two-fanged,  and  look  as  if  composed 
of  two  parts  united  by  a  neck. 

ZO(EOiuM  (Gr.  xoUny  animal ;  oikos,  hoiise).  The  "cell "  or  chamber  in  which 
the  polypide  of  a  Po]yzo(5u  is  contained. 

ZodiD  (Gr.  zo6nf  animal ;  and  eidoa^  like).  The  more  or  less  completely  inde- 
pendent organisms  produced  by  gemmation  or  fission,  whether  these  remain 
attached  to  one  another  or  are  detached  and  set  free. 

ZoopHTTE  (Gr.  zoiin,  animal ;  ph^UcUy  plant).  Loosely  applied  to  many  plant- 
like animals,  such  as  Sponges,  Corals,  Sea-anemones,  Sea-mats,  &c. 

Zoospores  (Gr.  zo6n,  animal ;  and  spwa,  seed).  The  ciliated  locomotive 
germs  of  some  of  the  lowest  forms  of  plants  {Protophyta). 
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Aardvark,  752. 

Aardwolf,  831. 

AbcUnninalia  (Cirripedia),  835;  (Fishea), 
564. 

Abiogenesis,  12. 

Abyla,  155. 

Aealephae,  148. 

Acanthiag,  678. 

AcantfiocepheUa,  288. 

Acanthoeystia,  95. 

AeatUhotnetraf  90. 

Aeanthometrina,  90. 

Aeanthophis,  62& 

Acanthapteriy  565. 

Aeanihopterygii,  561. 

Aearida^  873. 

Acarina^  372. 

Accentor y  702. 

Aceipitrei,  685,  710. 

^c«;)Aato(Molla8Ga),  449,  457. 

Acerathenum,  771,  772. 

Achetida,  400. 

Achtheres,  341. 

Aciculida:,  474. 

JcifKto,  101. 

Acijmiuter,  671. 

AcipenseridcB,  671. 

Acontia,  179. 

Acorn-shells,  330,  338. 

^craiiia^a,  554. 

Acraapeda,  160. 

Acridiidoiy  409. 

^cttwja,  176,  1T«,  177, 178, 179,  181. 

Actinomeres,  206. 

^c/inom«<ra,  242,  240. 

Actirutphrys,  98,  94. 

Actinosoma,  177. 

Aetino»j)h€trium,  94. 

Actinostrcuna,  174. 

Actifwtroeha,  298. 

.^Icftnozoa.  128;  characters  of,  174;  divi- 
sions of,  177. 

Aculeate  Hymenoptera,  419. 

Adatnaia,  178. 

Adelarthrosmnata,  376. 

Adjutant,  691. 

ji^inidoB,  162. 

jEaithogiuUluB,  659. 

jEluridce,  820,  828. 

jFAuroid^a,  820,  829. 

AUuropus,  823. 

^S/tiriM,  823. 

jEolidm,  472. 


Aipi/omit,  684. 

jEpyomithidOBy  684. 

iBativation,  11. 

Agamay  636. 

AgamidcBy  635. 

Agloma,  602. 

AglyphodontOy  628. 

Agouti,  843. 

At,  750. 

Air-bladder  of  Fishea,  651. 

Air-receptaclea  of  Biida,  669. 

Alauda.  704. 

AlaudidoB,  703. 

Albatross,  688. 

-4  tea,  687. 

AlcedinidcB,  705. 

AUedinoidecB,  705. 

^2c«do,  705. 

^2c««,  796. 

^fcWa,  687. 

Alcippe,  335. 

^tevonaria,  177 ;  characters  and  divisions 

of,  197. 
Aleponid(e,  198. 
^tej/onidtum,  433. 
Alcyoniujti,  198. 
AHantoidea,  530. 
AlUntols,  530. 
Alligator,  641,  642. 
AUigatorida:.  641. 
Alpaca,  791,  792 
AmJblyatmna,  600. 
Ambulacral  system  (^eAtnodermato),  217 ; 

of  Eehitwidea,  224;  of  Stor-flshes,  233; 

of  Ophiuroids,   237;   of  Grinoids,  243; 

of  Holothuroids,  256. 
Ameioidce,  634. 
American  Cuckoos,  705. 
American  Valtures,  713. 
Ametabolic  Insects,  899,  402,  403. 
^mia,  508,  569,  570,  571,  572. 
Ammocivteiy  660. 
Ammodytes,  565. 
^mmo»u/eir.  407,  500. 
Ammonitidce,  496,  497,  499,  500. 
Amnion,  630. 
^mnioto,  530. 
^wwrfw,  73,  74,  76,  76. 
Anuxbea,  68.  72,  78,  77. 
Am<e6i7ia,  77. 
Amenpkina,  118. 
Amphibia,  529,  581 ;  general  characters  of, 

586 ;  development  of,  593 ;  orders  of,  506. 
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AmphiOGeliftfljCrocodiles,  640. 

Atnphicuon,^ 

Amphidiscs, 

AmphUe8tes,y 

Ainphimo9ch\ 

Amphioxtts,  5|9»'te0,  554. 

Amphipoda,  330  ;  chaxactexB  of,  352. 

Amphigbofna,  681,  632. 

AmphisbcenkUSf  632. 

Amphitheriumy  747. 

AmphitraguluSy  798. 

Amphiuina,  591,  598,  699. 

Ampullariu,  469,  476. 

Arnj/nodon,  772. 

AnaeatUhiniy  564. 

ADaoondA,  629. 

AruUlantoideay  530. 

Analogy  of  organs,  29. 

Anainnictay  530. 

.i4narrAtca«,  566. 

Atiarthropoda,  264 ;  chazacters  of,  295. 

Anas,  690. 

^InaCuto,  690. 

Anatinidae,  461. 

.^miu^oetdam,  229. 

Anehitherium,  778. 

Arichoracephata,  329,  330. 

AncUtrodoHy  627. 

Anct/locertis,  407,  498. 

Ancylotheriumy  754. 

Ancyhts,  475. 

Andn'as,  599. 

Anela*nM,  335. 

Angiostomata,  629. 

Angler,  566. 

Anguilla,  564. 

Anguillula,  289. 

Anguillvlida:,  289. 

.In^tiiV,  631,  633. 

Animals  and  Plants,  differences  between, 

19. 
ilnneJtda,  295 ;    general   characters   of, 

298  ;  orders  of,  801. 
ilnnuto^a  (see  ^Inrufida). 
ulnnu^oufa,  214. 

Annulosa, characters  and  divisions  of,  263. 
.^Irtofnia,  458,  460. 
Anomodontia,  644. 
.^noTiiura,  359,  361. 
Anoplotheridofy  785. 
Anoplotherium,  7^5,  786. 
.4tu>p2um,  403. 
ilnoura,  596 ;  characters  of,  601 ;  families 

of,  602. 
Anser,  690. 
Aiweren,  689. 
Ameridcey  690. 
Ant-caters,  748,  750,  761. 
AnUdcn,  240,  249. 
Antelopes,  797,  798. 
Antennularicty  145. 
ArUhelia.  199. 
Anthroptd€B,  871. 
Anthropoid  Apes,  867. 
.^n{ftropo»<2««,  694. 
ArUhropomorpha,  866,  867. 
An<Atc«,  703. 
Antiloeapra,  797,  798. 
u4nfifopid€B,  797. 
Antipathes,  182. 
Anttpatkida,  182. 
Ant-lion,  410. 


ilnfrosfomtM,  705. 

Ants,  418,  419,  4S0. 

Ant-thrushes,  704. 

ApatornMy  680. 

Apes,  863,  867. 

Aphanipleray  412,  413. 

AphideSy  406 ;  parthenogenMis  of,  53. 

Aphis-lion.  410. 

AphrocaUistety  1S2. 

ApkroditBy  815. 

ApidCBy  419. 

ApiocrinidcBy  250. 

.^piomntw,  245,  250. 

Ajn«,  419. 

Aplacental  Mammals,  781. 

AptysiadoE,  472. 

Apneunuma  (Holothuroidea\  258. 

.djxKto  (J7o{ofAvr(mi«a),  258;  (Ctrnpecfia). 

335 ;  (Fishes),  564. 
Aporosa  (Corals),  189,  194. 
AppendictUariay  505,  508,  510,  511. 
Apgilus.  291. 
Aptenodytesy  686. 
ApterOy  403. 
Apteryges,  683. 
ApteryguUBy  683. 
ApUryXy  683,  684. 
.dpu«,  344. 

Aquiferoos  system  of  Sponges,  110. 
.4ra,  709. 
ArachnidayZlS'y  general  characters  of.  366; 

distribation  of,  in  time,  870;  orders  of 

370. 
Araneiday  880. 
ArcadtTy  454,  460. 
Areella,  77. 
ArcelUna,  77, 
ArehcFoeidaris,  229. 
ArehaopteryXy  677,  688. 
Arehastery  215,  235. 
Archegosaurtts,  604. 
.^reA£tar&u«,  370. 
^rcAifei^Atf,  499. 
Aretieligy  831. 
.^rcti»ra,  873. 
^rctoe«5ii«,  860,  863. 
.dretoid«a,  820. 
Arctomys,  838. 
ArctonyXy  824. 
ArctopUheeini,  868. 
^rctttrw*.  355. 
u4r(2«a.  691. 
ArdeidcBy  691. 
.^renicoto,  315. 
Argonautay  489, 490;  ihell  of,  488 :  hecto- 

cotylas  of,  486. 
ArgonautidiBy  480. 
ulr(7u2u«,  341. 
Aristotle's  Lantern,  226. 
Ark-shells,  460. 
Armadillo,  356. 
Armadillos,  748,  749. 
Arms  of  Star-fishes,  231;  of  Ophloroidt, 

236 ;  of  Crinoids,  248;  of  CofMUuta^  942 ; 

of  Cystideans,  252 ;  otBraehiopodm^  43S  ; 

of  Cuttle-fishes,  481 :  otNauiUtu,  495. 
Amee,  800. 
Artemiay  346. 
Arthrogastray  877. 
^rfAropoda,  264 ;  characten  and  diviaioos 

of,  818. 
ArtieuUUa  (see  Arthropoda). 
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AHieulala  (Braehiopoda),  440,  441. 

Artiodaetyla,  779. 

Arvieola^  840. 

Asealabotce,  6S5. 

AseariSf  286,  287. 

Aseetta,  112,  116. 

Ascidians,  50H;  types  of,  510. 

Aacidiarium,  510. 

Acidiozooids,  510. 

Aseoceras,  497. 

Agconet,  123. 

AsetluSf  856. 

Annus,  777,  778. 

Asiphonida  (Lamell{branchUUa)f  460. 

Agpuloehirotce,  256,  25S. 

Aapidophora^  433. 

Agpidorhynchus,  568. 

Asplanchna,  292,  293. 

Ass,  777,  778. 

Astcunis,  859,  860. 

AHasia,  103. 

A»teraeanthiidcdf  236. 

Aitterias,  235. 

Antt^rinidiVy  235. 

Asteroideay  218,  219 ;  general  characters 
of,  230;  families  of,  235;  distribution 
of,  in  time,  236. 

Asterophyt&n,  239. 

Atithenosoma,  228. 

Astrcea,  188. 

AHtrceid(B,  189. 

Astrogonium,  236. 

Astropecten,  230,  285,  286. 

Astropectinidce,  235. 

Agtmphyton,  239. 

Aktrorhiza,  SI,  86. 

Astmrhizidcej  86. 

^  «<»/«,  864. 

Athecata  (Uydroida)j  134. 

Athenim,  842. 

Atlantido},  473. 

Atolls,  191,  193. 

Atrial  syfitem  (firacAtopodaX  439. 

Atrium  (Tunicata),  506. 

^fto.  420. 

.^tu;A^nia,  791. 

Auk,  687. 

AuU)pora,  190. 

AuloMomum^  806. 

Jur«/ta,  161, 163, 165. 

Aurelia,  400. 

Auricalaria,  258. 

.^tiritfiiiMffp,  474. 

Aurochs,  800. 

Autolyttts,  314. 

^v<;«,  529 ;  general  characters  of,  652  ; 
feathers  of,  653;  vertebral  column  of, 
655 ;  skull  of,  657 ;  pectoral  limb  of, 
660-662  ;  pelvic  limb  of,  668-666  ;  di- 
gestive system  of,  666 ;  circulatory  or- 
gans of,  670 ;  respiratory  organs  of,  669 ; 
brain  and  sense-organs  of,  672 ;  repro- 
ductive organs  of,  671 ;  classification  of, 
675;  distribution  of,  in  time,  675;  orders 
of,  676. 

Avicularia,  428. 

AvicvlidcB,  460,  461. 

AviexdopeeteUy  461. 

Axinella,  108. 

Axulotl,  600. 

Aye-aye,  860,  861. 

Azoriea,  120. 


Babyroussa,  785.  > 

Baboon,  866. 

Baetrites,  600. 

BaeulUes,  497,  600.  / 

Badger,  824. 

BaUxna,  762,  763. 

BaUxmidae,  761,  768. 

Bakenoptera,  764. 

Balancers,  392,  418. 

Balanida,  331,  838,  385. 

Balanogloasus,  282. 

BcUanus,  834. 

Balatro,  291. 

BaUanea,  694. 

Baleen,  762. 

BalUtidw,  566. 

Banded  Ant-eater,  745. 

Bandicoot,  744. 

Banteng,  800. 

Banxring,  857. 

Barbadoes  earth,  92. 

Barbets,  707. 

Barnacles,  330,  331,  883,  884. 

Barrier-reefs,  191,  193. 

BaseanioHf  620. 

Baitiliscm,  635. 

Basking  Shark,  578. 

Bass,  566. 

Bassaris,  823. 

BathyerinMg,  250. 

Bathyergu*,  841. 

Batide*.  677,  578. 

Batracnia,  601. 

Bats,  845. 

BdelUdcB,  875. 

Bdellostoma,  560. 

Beaked  Mites,  376. 

Beaked  Rays,  679. 

Bear,  820,  821,  822. 

Bear-animalcules,  878. 

Bearded  Eagle,  713. 

Beaver,  838. 

Bed-bug,  408. 

Bee-eaters,  706. 

Bees,  419 ;  parthenogenesis  of,  68. 

Beetles,  393,  421. 

Belemnites,  493. 

Belemnitidce,  493,  500. 

Belinunu,  351. 

Belleropkina,  476. 

BelUrophon,  475. 

Belodon,  640. 

Berardius,  767. 

Beroe,  209. 

BeroidcK,  209. 

Bibos,  800. 

Bighorn  Sheep,  799. 

Buoeulina,  86. 

Bimana,  859,  871. 

Binomial  nomenclature,  38. 

BintnronsT,  881. 

Biology,  definition  of,  1. 

Bioplasm,  8. 

Bipeg,  681. 

Bipinnaria,  285. 

Bird-lice,  404. 

Bird's-head  processes  otPolyzoa,  428. 

Birds  of  Paradise,  70S. 

Birds  of  Prey,  710. 

Birgtu,  362. 

Bison,  800. 

Bittern,  601. 
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Bivalve  MoIIubcs  (see  Lamelli^anehiata), 

BUckbiid.  708. 

BUck-cock.  695. 

Black  Corals,  181. 

Black  Snake,  620. 

Blagtoideaf  240;  general  characters  of, 
252;  distribation  of,  in  time,  858: 

Blastostyle,  139. 

Blattida,  409. 

Blenniida,  566. 

Blennius,  566. 

Blind-worm,  638. 

Boa,  629. 

BoatblU,  691. 

Boat-fly,  407. 

BoidiB,  629. 

Bolina,  209. 

BombidcB,  410. 

BombifuUor,  608. 

Bombinatoridcef  60S. 

BombyeidtF,  417. 

BonoMt  695. 

Bonito.  566. 

Bony  Pike,  672.    . 

Book-scorpion,  876. 

BopyridoB,  356. 

Bo»,  800. 

Bosehat,  690. 

Botaurus,  691. 

Bot-flies,  415. 

Bothriocephalut,  270,  272. 

BothriocidaridcB,  229. 

BotryUuB,  505,  509,  510. 

Bavidee,  797,  799. 

Boteerbankia,  431. 

Box-slaters,  355. 

Brackiolaria^  235. 

Brachiopoda,  424;  general  characters  of, 
435 ;  BheU  of,  436,  437  ;  arms  of,  438 ; 
atrial  system  of,  439;  development  of, 
440;  affinities  of.  440;  divisions  of,  440, 
441 ;  distribution  of,  in  space,  441 ;  dis- 
tribution of,  in  time,  443. 

BrachyurOy  359;  characters  of,  862;  de* 
velopment  of,  363. 

Brachytu^tu,  865. 

Bracts  of  Oceanic  ITydrozoa,  154. 

Bradypodidce,  748,  749. 

Bradymu,  749,  750. 

Branchellion,  302,  306. 

Branchial  arches  (Fishes),  539. 

Branchial  hearts  (Cuttlc-flshes),  484 

Branchial  sac  (Tunieata),  506 ;  (Lance- 
let),  665. 

Bratichiata  (Ocutropoda)^  470;  (Ferte- 
brata).  530. 

Branchifera,  470. 

Branchiobdella,  806. 

Branehioffastrojyoda,  470. 

Branchiopoda  (Crustacea),  329,  842. 

BranchioMtegal  rays,  539. 

Branchiostuma  (see  Amphioxut). 
BranchipuSt  345. 
Brevilinffxtia,  631,  632. 
BrevipennaUe,  687. 
Brill,  565. 
Brine-shrimp,  845. 
BriHnga,  231. 
BrisingidiB,  235. 
Brittle-stars,  236. 
Brocket  Deer,  796. 
BnnUotheridcB,  769,  774. 


Brontotherium,  774,  77& 

BnOa  (see  BdenUtta),  748. 

Bryozoa,  424. 

Bttbalus,  798,  800. 

Bubble-shells.  472. 

Bubonidm,  718. 

BuecinidcBt  471. 

Buceinum,  471. 

Bueeonida,  707. 

Bueeroit,  706. 

JBiM^roeidce,  706. 

Buffalo.  800. 

^i(/b,  608. 

^HiTimuto,  608. 

Bulbus   arteriosiu,   548,   668,    570,    575» 

589. 
BulletrsUters,  856. 
Bullfinch,  708. 
Bullhead,  566. 
BuUidm,  472. 
BuU-frog,  608. 
Bumble-bees,  419. 
Bungartu,  627. 
Bunodontia,  781,  782. 
Buntings,  708. 
BuprettidcB,  422. 
Burying-beetles,  428. 
Bush-master,  627. 
Bush-quails,  696. 
Bustards,  694. 

Butterflies.  894,  400,  416,  416. 
Buzzards,  718. 
Byssus,  451. 

Cachalot,  764. 

Cacomixle,  828. 

Caddis-flies,  410. 

Caducibranchiate  Amphibians,  691,  59S. 

Ceeca,  intestinal  (of  Bhxls),  669. 

Cseca,  pyloric  (of  Fishes),  549. 

Ceecilians,  596. 

Caiman,  642. 

Cake-urchins,  228. 

Calamary,  490.  i 

Calamoichthyt,  571. 

Calcarina,  84,  85. 

Caiceola,  196. 

CaleisponguB,  116,  188. 

Calice  (Corals),  185. 

Califomian  Vulture,  713. 

Califfug,  341. 

Calling  Crabs,  863. 

Calling  Hares,  844. 

CcUlionymtu,  566. 

Callithrix,  864. 

CaWtffraptus,  168. 

Callorhinus,  819. 

Cailorhynehiu,  577. 

Calveria,  228. 

Calycophftrida,  158;  polypitasof,  153;  re- 
production of,  155. 

Calycozoa,  159. 

Calyptoblastic  Hydroids,  148. 

Calyptrcndm,  472. 

Calyx  (of  VorticeUa),  100 ;  (of  CrinoidiX 
242,  247. 

Cambarut,  860. 

Camelida,  790.  791.  792, 

CamelopardaluUB,  790,  796. 

CainelopardalUf  796. 

Cameluf,  791. 

Campanularia,  148. 
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CampantUarida,  148;  medaslfonn  gono- 

phores  of,  147. 
Campodsa,  405. 
GanalB,  of  Sponges,  110 ;  of  CUnophora^ 

207,  209. 
Cancer,  S64. 
Caneroma^  691. 
CanieUm,  826,  827. 
Cania,  828,  829. 
CantharidcBy  422. 
CanTaa-bock  Dack,  690. 
Capercailzie,  696. 
CaprOj  799. 
Caprtila,  854. 
Capreolut,  795. 
CaprimtUjfidce,  705. 
Caprimulgoidea,  706. 
CaprimtUgus,  705. 
Capacbin  Monkeys,  864. 
Capybara,  848. 
CarabidiB,  428. 
Caracal,  835. 
Carapace,  of  I>iJH\i{fia,  77 ;  of  Vaginicolay 

101 ;  of  the  Lobster,  822,  828;  of  Chel- 

onian  Reptiles,  615. 
Carehariat,  578. 
CarehariidoBt  678. 
CarcAarodon,  578. 
Carchesium,  101. 
Camnu«,  864. 
Cardiada,  461. 
Cardtulia,  70S. 
Carduella,  160. 
Caribon,  796. 
Carinarta,  478,  476. 
CarincUce,  676,  685. 
Cannartna,  149. 
Camivora,   general  characters  of,   812; 

divisions  of,  816. 
Carnivorous  plants,  22. 
Carp,  564. 
Carpophaga,  698. 
Carriage  -  spring      apparatus     {Brachio- 

poda),  438. 
CanjocarU,  346. 
Caryophyllanu,  267. 
CaryophyUia,  184,  185. 
Cassowary,  68$. 
Cantor,  838,  839. 
Castoridai,  83& 
Cagtoroides,  887. 
Cantariidfv,  682. 
Cdsuariwt,  682. 
Catarhina,  863, 865. 
Cat-flshes,  564. 
CatharUs,  718. 
Cathartid<B,  712,  713. 
CatodontidcB,  764. 
Cats,  882. 
Caria,  844. 
Catricomia,  797. 
CaviidcB,  842,  848. 
CehidfX,  864. 
Ce&tw,  864. 
CeeidomyiOf  415. 
Cell,  14. 

Cells  of  Polyzoa,  425,  428. 
Cellalose  in  Ascidians,  20,  505. 
Cement-gland  of  Cirripedes,  880. 
Centetes,  852.  855,  856. 
CenUtida,  855. 
Centipedes,  385. 


Centroeereus,  695. 

CephaUupUt  571. 

Gephalobranchiate  Annelides,  812. 

Cephalophora  (MoUutca),  449. 

Cephalopoda^  449 ;  general  characters  of, 
480;  arms  of,  481,  482;  digestive  sys- 
tem of,  483 ;  circulatory  and  respiratory 
organs  of,  484 ;  nervoos  svstem  of,  485 ; 
reproduction  of,  486;  shell  of,  487; 
divisions  of,  489;  distiibntion  of,  in 
space,  498;  distribution  of,  in  time, 
499. 

CephalopterOf  679. 

Cephalothorax,  of  Crustacea,  321;  of  Ar- 
aehnida,  367. 

Cttraeteg,  626. 

Ceratiocarie,  846. 

CeratUen,  500. 

Carottum,  96. 

Ceratodu8,  579,  581,  582,  688. 

Ceratophryi,  586. 

Cerato8VongicB,  116. 

Cercoeebus,  866,  867. 

Cereolabeg,  842. 

Cereolepteg,  823. 

Cereopithecus,  866. 

Cere  of  Birds,  667. 

CeriarUhus,  177, 181. 

Cerithiadee,  471. 

Cerithium,  471. 

Certhia,  702. 

CerthiidcB,  702. 

Ceroidfe,  793,  794,  796. 

Ccrru^tw,  704,  796. 

Ccrmw,  795,  796. 

Ceryie,  706. 

Cestoidea,  266. 

Cestraeion,  677,  678. 

Cestraphori^  57T. 

C6«fum,  209. 

Cetacea,  716,  718,  720,  765;  general  char- 
acters of,  759 ;  groups  of,  761. 

CetoehUua,  340. 

Chacma,  866. 

Chctropsis,  788. 

Chceropus,  744. 

Chcetoderma,  296,  476. 

CfuBtognatha,  295;  characters  of,  315. 

CAoftonottw,  291. 

ChoBtopoda,  301. 

Cfuetoaoma,  289. 

Chafflnrh,  708. 

Chaleides,  632. 

Chaleididce,  632. 

ChainaUOy  637. 

ChamceUontidcBt  637. 

Chamidag,  461. 

Chamois,  708. 

Channel-bill  Cuckoo,  705. 

CharadriidCB,  694. 

CAarodrttM,  694. 

Charybdece,  160. 

Cheese-mite,  374. 

Cheetoh.  834. 

Cheilostomatous  Polyzoa,  428,  438,  434. 

Cheirocephalug,  345. 

Cheinygale,  862. 

Cheiromydagt  860. 

Cheiromyt,  859,  860,  861. 

ChtiropUra,  general  characters  of,  845; 
groups  of,  848 ;  distribution  of,  in  space 
and  time,  847. 
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Cheirotheriumf  606. 

Chelicenc,  367,  377. 

Ckelifer,  376. 

Cheltferidoe,  376. 

CheliferouB  Slaters,  856. 

CheUme,  619. 

Cheloniay  general  characters  of,  618 ;  sub- 

diviaions  of,  618;   distribution  of,  in 

time,  620. 
CheloruidcB,  618,  620. 
Chelydidm,  619. 
Chelydra,  619. 
ChenomorpJue,  689. 
Chevrotains,  792. 
Chigoe,  412, 
ChOognatha.  886.  387. 
Chilopoda,  386,  836. 
Chilostomella,  86. 
Chilostitmellidm.  86. 
Chimcera,  576,  677. 
ChimceridcBt  576. 
Chimpanzee,  869. 
Chinchilla,  843. 
ChinchUlidce,  842. 
Chipmonk,  838. 
Chirodota,  258,  259. 
ChironecUs,  737,  745. 
Chirotes,  681,  632. 
CAt<on,  475,  476. 
ChUonidce,  476. 
ChlamydophoruSj  754. 
Chlamydosaurus,  636. 
Chlamydotheriuin,  755. 
Chlorophyll  in  animals,  21. 
Choanojiagellata,  102. 
Choloeptts,  749,  750. 
ChmidropterygidcBt  672. 
ChondrosteuSy  571. 

Chorda  dorsalls  (we  Notochord),  516. 
Chough,  701. 
Chromatophores,  481. 
Chrysalis,  400,  416. 
Chrysaora,  162. 
ChryaochtoridtKy  864. 
Chrysochlorit,  855. 
Chub,  564. 

ChyUqueous  canals,  162. 
Chyliflc  stomach  of  Insects,  395. 
Cicada,  406. 
Cicindelido!,  428. 
Ciconia^  691. 
CieoniidoB,  691. 
CidariM,  221. 
Ciliata  (If\fu9oria),  97. 
CUvofiagellata,  108. 
Citn<?x,  408. 
Cinclides,  179. 
Cio^na,  510. 
CirrhatiUut,  314. 

Cirriptdia,  329 ;  general  charactersof,  880 ; 
development  of.  331,  332 ;  groups  of,  338. 
Cirrogtomi  (see  Pharyngobranchii). 
Civet,  829,  830. 

Cladoceraf  329;  characters  of,  342. 
Cladochonus,  190. 
Classification,  33. 
ClathrtUinat  96. 
ClavaUllci,  138. 
ClaveUinat  610. 
CUodora,  479,  480. 
Clepsine,  306. 
Climaoograpttu,  168. 


CZJorux,  118. 

Ctutcnterata  (Braehiopoda),  440. 

Clitellum,  305,  308. 

Ctof  Ao,  626. 

ClupeidcB,  564. 

ClupeuSj  564. 

Clynunw,  496. 

Clypeagtridm,  228. 

CZyfm,  147, 

Cnidre,  127. 

Coati,  823. 

Cobra,  627. 

Coecidce.  405,  407. 

Coceinellidce,  422. 

Coccostctu,  571. 

CoccothratuteSf  708. 

Coccus,  407. 

Coceyzus,  705. 

CocfUiopodiunij  77. 

Cockatoo,  709, 

Cockle,  461. 

Cockroach,  408,  409. 

Cocoon,  401. 

Cod,  564,  565. 

Codonella,  98. 

CcUetitcrtUa,  characters  of,  124;   thraad- 

celU  of,  127 ;  dlvisioDS  of,  128. 
CceU)geny9,  843. 
Coencnchyma,  187. 
Canwbita,  361. 
Cccnoecium,  425. 
Ccenosteum,  169. 
Ccenosarc,  130. 
Ccenuru«,  274. 
CoUoplera,  392;    mouth-organs  of,  398^ 

characters  of.  421 ;  Bections'of,  42S. 
CoUernbola,  404. 
Colloids,  8. 
Collo»i>?uBra,  92. 
Collozoa,  92. 
Collo2oum,S9f  92. 
Colobus,  867. 
CoUnt»oehely»,  620. 
Colubridce,  628. 
Colugo  868. 
Co/um^a,  697,  698. 
Co2i(m6acei,  696. 
Co2um6ee,  696. 
Columbidce,  697. 
Columella,  of  Corals,  186;  of  the  sheUs  of 

Gastropoda,  465. 
Column  of  Actinuio,  177. 
Colymhid4Xy  687. 
Colymbiu,  687. 
CoinarocystiUs,  252. 
Coinaster,  249. 
ComaiiUa,  240,   241,  242,  S43,  244,   24S, 

249. 
ConcAteo2t(M,  318. 

Conch\fera  (see  ikime{|t&raiie&iata). 
Condor,  713. 
Condylura,  864. 
Conger-eel,  664. 
Congo  Snakes,  699. 
Conidm,  471. 

Conirostral  type  of  b«ak,  701. 
Conjugation,  46 ;  of  Qregarines,  70 ;  of  In- 

ftisorlans,  99. 
Conodonts,  658. 
Cono«nit^ta,  197. 
Contractile  vesicle,  of  /Voto^oa,  67 ;   of 

^mcB6a,  74 ;  of  ParanMveium,  90. 
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Conularia^  480. 

Conuridoe,  709. 

Coot,  093. 

Copepodat  829 ;  characters  of,  889 ;  para- 
sitic types  of,  340,  841. 

Coptiobelemnon,  201. 

Copperhead  Snake,  827. 

Coral-reefs,  191. 

Coral  Snakes,  628. 

CorcUlUtes,  120. 

Corallite,  187. 

Corallium,  201. 

Corallnm,  176;  ot  Antipathidoi,  182;  of 
ZoarUharia  gclerodsrmcUa,  183-189;  of 
Rugosa^  194-196;  of  Tubipora,  199;  of 
PemuUula,  200 ;  of  GorgonicUB,  201 ;  of 
Beliopora,  203. 

Cordylophora,  184,  185, 186. 

Cormorant,  688. 

Comulites,  818. 

Coronella,  629. 

Coronula,  334. 

Correlation  of  organs,  81. 

Cortical  layer  otlr{ftu&riaf  98. 

CorvidcBt  701. 

Corvus,  701. 

Coryne^  135,  189. 

Corynida^  132 ;  general  characters  of,  184 ; 
reproduction  pf,  135 ;  development  of, 
140 ;  types  of,U40J141. 

Coryomorpha^  lat,  111. 

Caryphodon,  770. 

CoryphodmUidiBf  770. 

CotingidcB,  704. 

CottidcB,  566. 

Co«t«,  566. 

CotumiXf  695. 

Conner,  694. 

Cow-bunting,  705. 

Cowries,  464,  471. 

Coyote,  829. 

Coypu,  842. 

Crab-lobsters,  862. 

CrabronidcBf  419. 

Craeidce,  696. 

Crane,  694. 

Crane-fly,  413,  415. 

Crangon,  360. 

Crania,  436,  442. 

CraniadcB,  441,  448. 

Craspeda.  179. 

Crespedote  Hedusids,  150. 

Crdssilinguia,  635. 

Craaj,  696. 

Crayfish,  859,  860. 

Creepers,  702. 

Crext  693. 

Cribella,  281. 

Cricetodon,  887. 

Cricetus,  840. 

Crickets,  409. 

Crinoidea,  219;  general  characters  of,  240 ; 
distribution  of,  in  space,  249;  distribu- 
tion of,  in  time,  250. 

Crioeeratt,  497,  496,  500. 

Criatatella,  427. 

CrisUllaria,  87. 

Croeidura,  852,  858. 

Croeodilidce,  641. 

Croeodaia,  613;  general  characters  of, 
638 ;  groups  of,  641. 

CrocodUtu,  641. 


Crop,  of  Earth-worm,  808 ;  of  Insects,  894 ; 
of  Birds,  667. 

Crossarchus,  831. 

Cross-bill,  708. 

CrossopterygidtB,  668. 

Crasaopus,  853. 

CrotahdcB,  626. 

Crotalxti,  626. 

Crow,  701. 

Crustacea,  318;  general  characten  of, 
820 ;  morphology  of  a  typical  Crustacean, 
822-329 ;  divisions  of,  829,  330. 

Cryptobranchus,  599. 

Cryptohelia,  197. 

Cryptonisetu,  366. 

CryptophialuB,  336. 

Cryptoprocta,  831. 

CrypUyproctidte,  831. 

Crystalline  stylet  of  Lamelllbranchs,  467. 

Crystalloids,  8. 

Ctenocyst,  208. 

CUnodactyltu,  842. 

Ctenodipterini,  582. 

Ctenodiscus,  235. 

Ctenodus,  582. 

Ctenoid  scales  of  Fishes,  588. 

Ctenomys,  842. 

Ctenophora,  177;  general  charactere  of, 
205;  canal-svstem  of.  207;  homologies 
of,  with  ulcftnuto,  208 ;  groups  of,  209. 

Ctenostomata,  433. 

Cuckoo,  704,  705. 

Cuculidce,  704. 

Cuculoidece,  704. 

Cucu^tM,  705.- 

Cueumaria,  256,  256,  258. 

CuUeidce,  413,  415. 

Cupidonia,  695. 

Cupularia,  427. 

Curassow,  696. 

Curlew,  694. 

Cursores,  680. 

Ottr«oritM,  694. 

Cuttle-bone,  487,  491. 

Cuttle-fishes,  480,  482,  483,  484,  486,  487, 
489. 

Cuvieria,  479,  480. 

Cuvierian  organs,  256. 

Cyamus,  354. 

Cyanea,  161,  164. 

CycUhophyllidWf  196. 

Cycladidw,  461. 

CyeUu,  459. 

Cyelodus,  631. 

Cycloid  scales  of  Fishes,  633. 

Cyelophttialmus,  870. 

Cyclopoidm,  821. 

CycU^»,  840. 

Cyelostomata  (Fishes),  556. 

Cyclostomatous  Polyzoa,  428,  438. 

Cyelogtomidce,  474. 

Cyelothurtu,  751. 

Cydippe,  206. 

Cygmdoe,  690. 

Cygntu,  690. 

Cymothoa^  356. 

Cj/moCAoidcR,  356. 

Ci/iue2uru«,  835. 

Cynipidce,  418. 

Cyiweephalut,  866. 

Cynoehampaa,  646. 

Cynodmoo,  646. 
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CynogdUy  881. 

CynomyB,  838. 

CyruipUheiMXy  866. 

CymmitA^eiw,  866. 

Cynthia^  610. 

Cyprceida,  471. 

Cypridina,  838.  889. 

CypriiUda    (BfoUosca)^     461;    (FiahesX 

664. 
C|!pr»ntM,  664. 
C^rit,  838,  889. 
Cypgelida^  708. 
CypueUndea^  708. 
Cypsehu,  708. 
Cyrtoeenu,  497,  499. 
CyrtoUtety  476. 
Cygtieereiu,  271,  872,  274. 
Cystic  Worms,  266,  271. 
CyttHimatAute,  608. 
CystiphyllidcB,  196. 
CyatxphyUum,  196. 
Cystoidea,  219,  240 ;  general  olianusten  of, 

251. 
Cythere,  838. 
Cytherea,  463. 
Cytode,  16. 

Daboia,  626. 

Ikteelo,  705. 

Dactyletkra,  602,  603. 

DactyloealyXf  119,  122. 

DixctyloptentSt  642. 

Daetylosphntrat  76. 

Dama,  796. 

Daphni4i,  337,  342,  843. 

Darter,  689. 

Darwinian  theory,  41. 

Deuomw,  681. 

DatypodidcB,  763. 

Datyproeta,  843. 

DauyproeiidoB^  842,  843. 

Dasypus,  764. 

DasyuridcB,  746. 

Datyurua,  746. 

Dawsonella,  475. 

Deeapoda    (jCnutaeea),    358;    (Cephalo- 

poda\  490. 
Deer,  798,  795. 
Degeeria,  405. 
i>etno«aurM(,  648. 
Deinotherium,  811.  812. 
JJelphirUdce,  761,  766. 
Detphinug,  766. 
Demodex,  374. 
DendrochirotcBt  264,  258. 
DoadroccBl  Planarians,  280. 
Dendrocolaptidas,  704. 
Dendrograptus,  167,  168. 
Dendrolagus,  741. 
DendrophyUiat  183. 
Denial  formula,  727. 
Dentalidce,  ATI. 
Dentaliwn^  477. 
Dentirostral  type  of  beak,  701. 
Dermany$gu8,  874. 
Derotrematat  698,  699. 
Desman.  863. 
Desmndus,  851. 
DeamogjuUfuB,  659. 
DoTelopment,  64  ;  retrograde,  56. 
Dextral  shell  of  Gastropods,  466. 
Diaphoropodon,  86. 


Diftmnc^itUa  (C«j»fta<q|NHla),  480 ;  distzi- 
bation  of,  in  space,  498;  distiibatiom 
of,  in  time,  600. 

i>^pera<A«num,  77S. 

Dieonodon,  776. 

Dieoryne,  186, 189. 

DicotyUs,  785. 

Dicroceroa,  796. 

Dietyoeyttat  9a 

Dietyonema,  168. 

Dieynodon,  646. 

ZH^modontta,  644. 

Dicyatidea,  69. 

Didelphia,  789,  787. 

DuitflpAicte,  743,  744. 

Didelphya,  746. 

Dididca,  698. 

Didunculidcty  698. 

DidufieuZtM,  698. 

DuitM,  698. 

Z>idt/ino<7rap{u«,  168. 

Diffiugia^  77. 

Digitigrade  GamiTora,  816,  8S9. 

DimorpAodon,  648. 

Dimyary  Lamellibranehs,  455. 

Dinoeercw,  801,  802. 

VinoeenUa,  801. 

Dinophia,  624. 

Dinomw,  682.  683. 

DinomithidcB,  682. 

Dtnosauria.  648. 

JHomedea,  688. 

D»pAa«ui,  143l 

Dlphycercal  tail  of  Flahes,  64Su 

Diphyea,  166,  166. 

Diphyozodids,  166. 

Diplograptua,  168. 

Diplophryay  85. 

l>ipn«umoti««,  381. 

Dipnoi,  654 ;  general  characters  of,  579i. 

Dxpodidca,  841. 

Dipodomyat  841. 

IHprotodon,  747. 

Diprotodontia^  789. 

DipaadidcB,  628. 

Diptera,  392,  894:  general  characters  of, 
418. 

Dipterua^  682. 

/>t2m«.  842. 

jDwcifUi,  442. 

Diaeinidm,  441,  442. 

JHaeodermia^  12a 

Diaeophora  (Bydrozoa),  160;  (.ilniMlMlaX 
301. 

2>i:«cor&ina,  83,  87. 
Dissepiments  of  Corals,  186. 
Diatoma,  275,  278;  anatomy  of  DCttoma 
A«pa<ieum,  276;  development,  276,  278. 
Distribution,   geographical,    57;    bathy* 

metrical,  69 ;  geological,  61. 
Dithyroeariat  346. 
Diver,  687. 
DoeAmtu«,  287. 
DocophonUy  408. 
Dodo,  698,  699. 
Dog,  828. 
Dog-fishes,  678. 
i>o2u);um,  610,  511. 
Dolphins,  765,  766. 
Donlcey,  778. 
Doreatherium,  798. 
DoridcB,  472. 
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Doris^  472. 

Dormice,  8S9. 

Bonal  vessel  of  Insects,  890. 

Dorylaimui,  288. 

I>raeo,  036. 

Dracunculus,  288. 

Dragonet,  666. 

Dragon-flies,  410. 

Dremotherium^  703. 

DromaeognathcB,  660. 

Drotnaitts,  682. 

Dromatherium,  746. 

Dromedary,  791. 

DryoUstM,  747. 

Dryophidce,  628. 

DryopUkecus,  803. 

Duck,  690. 

Duck-mole,  733,  736. 

Dugong,  768. 

Duplicidentote  Bodents,  836,  887.  844. 

Dytiiddce,  423. 

Eagle,  713. 

Eagle-ray,  679. 

Earth-worm,  306 ;  Anatomy  of,  808. 

EeheneU^  566. 

Echidna,  733,  734,  786,  736,  737. 

Echimys,  842. 

Echinococeus,  274. 

Echinoderea,  293. 
^Echinodennata,    general   characters    of, 
214;  ambulacral  system  of,  217  ;  devel- 
opment of,  217,  218;  orders  of,  219. 

Eehinoidea,  general  characters  of,  219; 
test  of,  220;  ambulacral  system  of,  224 ; 
development  of,  22S  ;  groups  of,  228, 
229 ;  distribution  of,  in  time,  229,  230. 

EehifU)p8,  856. 

Eehitu/rhynchus,  288,  284. 

Eckinothuria,  228,  280. 

Eehinothurid/x,  220,  223. 

Echinozoa,  219. 

Eehiniu,  221,  226. 

Kchiurus,  296,  297,  298. 

Ectocyst,  427. 

Ectoderm  (of  Sponges),  100;  (of  CcUen- 
terata\  125,  126. 

Ectopuiteg,  698. 

Ectoplasm,  14,  67. 

Eotosarc,  73. 

Kdaphodfis,  676. 

Edentata,  general  characters  of,  748; 
groups  of,  749 ;  distribution  of,  in  time, 
754. 

Edwardsia,  177,  180, 181. 

Eels,  564. 

Eider-duck,  690. 

Elaphurus,  796. 

Elapina.  627. 

Elapa,  628. 

EloHipoda,  256,  258,  259. 

Ela«mobranehii,  characters  of,  572;  dis- 
tribution of,  in  time,  676;  groups  of, 
676. 

Elamnodtu,  576. 

ElaamngnathMS,  773. 

ElateridcB,  422. 

Electric  Eel,  664. 

Electric  Ray,  579. 

Elephant,  807,  810. 

Elephant-seal,  818. 

Elephant-shrew,  857. 


Elephat,  810,  811,  812. 

Elk,  796. 

ElygiadoB,  472. 

Elytra  (of  Aphrodite),  816 ;   of  (CoUop- 

tera\  421. 
BmballonuridcB,  849,  850. 
Emberiza,  708. 
Emeu,  682. 
Emydidm,  619,  620. 
Emydium,  374. 
EneUiomxuria,  643. 
Encephala  {Molhuca),  440, 462. 
Encrinia,  250. 
Endocyst,  427. 
Endoderm  (of  Sponges),  100;  (of  Coshen- 

Urata\  125,  126. 
Bndoplasm,  14,  67. 
Endoplast,  14. 
Endopodite,  323. 
Endosarc  (of  Protozoa),  78  ;  (of  Polyzoa), 

431.  , 

Endostyle  of  Tunicates,  606. 
Endothyra,  86. 
Enhydris,  825. 
Entalium,  477. 
EnUropneusta,  282. 
Entomophaga,  743. 
EiUomostraca,  320;   characters  of,  337; 

groups  of,  338. 
Entosolenia,  82. 
Entozoa,  265. 
Eoeidans,  229. 
E(ihippu»,  778. 
Eophrynus,  370. 
EoseorpiuSt  370. 
Eotherium,  769. 
Eozoon,  88. 
EpheineridcB,  410. 
Ephyra,  164. 
Epicrium,  597. 

Epidermis  of  the  shell  of  Molluscs,  449. 
Epipodite,  326. 
Epipodium,  445 ;   of  OaHmpoda,  463 ;  of 

Pteropoda,  478  ;  of  Cephalopoda,  482. 
Epiphragm  of  Snails,  474. 
Epistonie  of  Polyzoa,  430,  433. 
Epish/lis,  101. 
Equidas,  777. 
Eqmu,  777. 
Erethizon,  842. 
Erieulus,  856. 

ErinaeeCdce,  856.  # 

ErirMcevs,  852,  856.  ' 

Ermine,  826. 
Errantia  {Annelida),  811 ;  characters  of, 

813  ;  development  of,  316  ;  distribution 

of,  in  space  and  time,  316. 
Erythaea,  702. 
EschgchoUzia,  200. 
Esocidte,  564. 
Esox,  564. 
Etitheria,  344. 
EuehariSj  209. 
Eudendnum,  140. 
Euelephas,  810. 
Euglena,  102.  103. 
Exiglypha,  85,  87. 
Euneetes,  629. 
EupUetella,  120. 
EuplexopUra,  400. 
Euproopt,  361. 
£up«ammuto,  189. 
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BurycUidcB,  289. 

EurypUrida,  S48;  characters  of,  851 ;  dis- 
tribution of,  In  time,  852. 
EuryptertUf  862. 
Eurystomata  Wtenophora),  209. 
Eiupof^ia,  117. 
ExocoBtuSt  542. 
Eztracrinua,  260. 

Facial  suture  of  Trilobites,  347. 

Falconet,  712. 

FalconidcB,  713. 

Fallow-deer,  796. 

Fan-corals,  202. 

Farrea,  122. 

Father-lasher,  666. 

Favosilet,  189. 

FavoHtidag,  189, 198. 

Feathers,  structure  of,  663. 

Feather-star.  240,  249. 

FelidcB,  832. 

Felis,  834,  835. 

Fenettella,  434. 

Fennec,  829. 

Ferce,  812. 

Ferret,  825. 

Field-bug,  408. 

Fieldfare,  702. 

Field-mouse,  840. 

Filaria,  288,  289. 

File-flshes,  566. 

Filoplumse,  655. 

Fiuohes,  703. 

Finner-whales,  764. 

Firolid/B,  473. 

Fislies  (see  Pisces). 

Fish-lice,  340. 

Piah-.slaters,  356. 

FutsUinffuia,  631,  684. 

Fission.  47 ;  of  Corals,  188. 

Fissirostral  type  of  beak,  701. 

FUsurellidcB,  472. 

Fixing  cells  of  CUnophora,  128. 

Flagellata  {lT\fu»oria)y  101. 

Flagella,  68,  102.  ^ 

Flamingo,  690. 

Flat-fishes,  565. 

Flea,  412. 

Flesh-fly,  416. 

Float  of  PhysophoridoR,  166. 

Floseularia,  290,  293. 

Fluke-worms,  276. 

Fltutra,  425. 

Fly-catchers,  702. 

Flying  Dragon,  686. 

Flying  Fish,  542. 

Flying  Lemur,  858. 

Flying  Phalanger,  748. 

Flying  Squirrel  888. 

Food  of  Animals  and  Plants,  21,  22. 

Food-vacuoles  of  Protozoa,  76. 

Foot,  of  Rot{fera,  291 ;  of  AfoUuica,  444 ; 
of  LamellOfranehiata,  451  ;  of  Oaxtro- 
poda,  462  ;  of  Heteropoda^  478  ;  of  Ptero- 
poda,  478 ;  of  Cephalopoda,  482. 

Foot-jaws,  of  Lobster,  326 ;  of  Centipedes, 
385. 

Foraminifera,  characters  of,  78 ;  test  of, 
79 ;  monothalamous  and  polythalamous, 
82 ;  supplemental  skeleton  of,  84 ;  classi- 
fication of,  85 ;  distribution  of,  in  space, 
87;  distribution  of,  in  time,  88. 


Forest-bog,  408. 

Forest-fly,  415. 

Forftcula,  893.  409. 

For/iculid4B,  409. 

FormicariidcB,  704. 

Formicida,  419,  420. 

Fowl,  696. 

Fox,  829. 

Fox-baU,  848. 

Franeolxnu»,  695. 

Fredericella,  433. 

Fregilus,  701. 

Fresh-water  Mussels,  460. 

Fresh-water  Shrimp,  854. 

Frigate-bird,  689. 

Frill-lixard.  636. 

Fringilla,  703. 

FringiUida,  708. 

Fringing-reefs.  191, 193. 

Frog,  heart  of,  589;  development  of,  S93  ; 

types  of,  603. 
Frugivora  (Cheiroplerayt  848^ 
Fruit-pigeons,  698. 
FiUgora,  406. 
FuUea,  693. 
Ftdigula,  690. 

Functions,  specialisation  of,  25. 
Fungia,  176. 
Fungida,  189. 
Fungidce,  186,  189. 
Fxmiculus  of  Polyzoa,  431. 
Funnel  (of  CUnophora),  207 :  (of  Cephalo- 

potla),  432. 
Furcula,  662. 
FtutUina,  87. 

Gad-fly,  415. 

OadicUe,  565. 

Gadiu,  565. 

Oalago,  862. 

Oalaihea,  868. 

OaUeynus,  816. 

GaUodes.  376,  377. 

GaleopUheeid/B,  857. 

QaleopitkeeuM,  857,  858. 

Oaleaaurtu,  646. 

Oalictia,  S26. 

Oalley-worms,  386. 

Oall-flies;  418. 

Gallinaceous  Birds,  694. 

Oallina,  694. 

Oallinago,  694. 

Oallinula,  698. 

Galliwasp,  638. 

Oalltu,  695. 

Gamasidoi,  884. 

Gammartu,  351. 

Gsnnet,  688,  689. 

Ganodus,  576. 

Ganoid  scales  of  Fishes,  634. 

Ganoidei,  characters  of,  667  :  distribation 
of,  in  time,  571 ;  groups  of;  571,  572. 

Garden-mites,  375. 

Gare-fowl,  687. 

GamUus,  701. 

GasterosUus,  666. 

Gastropoda,  446,  449  ;  character*  of,  465: 
shell  of,  463-467  ;  odontopbore  of,  467 ; 
respiratory  oi|;ans  of,  468 ;  nervoua  sys- 
tem of,  469 ;  develonment  of,  470  ;  divi- 
sions of,  470;  distribution  of,  in  ■] 
474 ;  distribution  of,  in  time,  475. 
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Gagtrotrieha,  291. 

OaatrovaaculAr  space  of  Coelenterates,  125. 

Oastrulft,  140. 

GavicB,  687. 

Gavial.  641,  642. 

GaviaUdm,  642. 

OavialU,  642. 

Qayal,  800. 

OeeareinuB,  363. 

Oecko,  632,  686. 

Geckotidm,  635. 

Geese,  690. 

Oelasimtu,  368. 

Gemmation,  47,  48  ;  (of  CoralsX  187, 188. 

Gemmules  of  Spon^jri/to,  114. 

Generation,  spontaneous,  12. 

Generations,  alternation  of,  49. 

Genette,  830. 

Otoeorism,  407. 

Oeodia,  119. 

Oeogale,  856. 

GeoKraphical  distribution,  57. 

Geological  distribution,  61. 

Oeometrida,  416. 

OeomyidcB,  839,  840. 

Geomyg,  841. 

Oeophilus,  386. 

Oeftidanidcp,  279. 

Oeoryehiut,  841 

Oephurea,  206 ;  characters  of,  296. 

Oerbhhut,  840. 

OeryonidcBt  152. 

Giant  Clam,  461. 

GiblM>n,  869. 

Oigantostraca,  338,  348. 

Giraffe,  796. 

Gizzard  (of  Earth-worm),  308 ;  (of  Insects), 

394 ;  (of  PolyzoaX  431 ;  (of  Birds),  667. 
Glabella,  347. 
Olareola,  694. 
Glass-rope  Zoophyte,  120. 
Glass-snake,  632. 
Olires  (see  liodentiay. 
Globe-Hshes,  666. 
Olobicephalu4i,  766. 
Globigerina,  83,  87,  88. 
Globifierinidir,  87. 
Olomeris,  887. 
OloHJiopkora,  462. 
Ologsotheriumt  755. 
Glow-worm,  422. 
Glutton,  826. 
Glyptodon,  755. 
Gnat,  414,  415. 
Goat,  799. 
Goat-sucker,  706. 
Gobiidce,  566. 
Gobitis,  566. 
Godwit,  694. 
Golden  Hole,  854. 
Goldfinch,  703. 
Gonangium.  143, 145. 
nonia«ter,  231,  236. 
O^niatUes,  496,  600. 
Goniodijictu,  236 
GimiophyUum,  197. 
Gonoblastidia,  139. 
Gonocalyx,  structure  of,  136,  137. 
Gonophores,  180,  135;    raedusiform,  131, 

136,  139. 
Gonosome,  130. 
Gonotheca,  143,  145. 


Gopher,  840,  841. 

Gordiacea,  283  ;  characters  of,  284. 

Gordiitt,  284,  285. 

GorgonidcB,  182,  198;  characters  of,  201; 

spicules  of,  202. 
GorUla,  869,  870. 
Gour,  800. 
GouridtBf  698. 
GTall(r,  692. 
Grallatores,  685,  692. 
Grampus,  766. 
Grantia,  122,  123. 
Graptolites,  166. 
Graptolitoidea,  166. 
Grasshoppers,  409. 
Gravigrada,  754. 
Great  Ant-eater,  761. 
Great  Annadillo,  745. 
Grebe,  087. 
Green  Lizard,  684. 
Green  Turtle,  619. 
Greenland  Shark,  578. 
Greenland  Whale,  762. 
Gregarifia,  69,  70,  71. 
Gregarinidoe,  68 ;  reproduction  of,  70. 
Grison,  826. 

Groin  ia,  79,  80,  85,  86,  87. 
Grainida,  S6,  86. 
Grosbeak,  703. 
Ground-beetles,  423. 
Ground-pigeons,  698. 
Grouse,  695. 

Growth,  5 :  correlation  of,  31. 
Gruidof,  694. 
Grxts,  604. 
Gryltidtf,  409. 
Guard  of  Belemnite,  498. 
Guillemot,  687. 
Guinea-fowl,  606. 
Guinea-pig,  844. 
Guinea-worm,  288. 
Gull,  687. 
Gtiio,  8*26. 
Gurnard,  566. 
Guynia,  190. 

Gyiunoblftstic  Hydroids,  135. 
Gymnochroa,  132. 
Gymnopyte,  14. 
Gymnodontidmj  566. 
Gymtwlfemata,  433. 
Gymnophiona,  606. 
Gymnophthalmate  Mednsse,  137, 151. 
GymnoHomata  (Pteropoda),  479. 
Gytniwtus,  WW. 
Gymnuray  856. 
Gypat'tus,  718. 
Gypogeranidce,  713. 
Gypogeranus,  713. 
Gyps,  718. 
Gyrinidm.  423. 
Gyroceras,  497. 

Haddock,  565. 

Hcematoerya,  580. 

Bcenuitopus,  694. 

Hctfnatotkerma,  530. 

Ilcemopais,  306. 

Ha^-flshes,  556,  557,  668,  559,  560. 

Haimeia,  107. 

Hair-wonns,  284. 

Halibut,  666. 

Halicore,  758. 
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HaliotidcB,  472. 

Haliaarea,  116. 

HalUherium,  759. 

Halteres,  S92,  413. 

Hamadryad,  627. 

HamUes,  500. 

Hammer-headed  Shark,  678. 

Hamster,  840. 

Hang-birds,  702,  708. 

BapaU,  804. 

Hapalidai,  803,  864. 

HaplophyUia,  196. 

Hares,  844. 

Harlequin-snakes,  628. 

HarUa,  197. 

Harvest-men,  376. 

Harvest-mites,  376. 

Hatteria,  637. 

Hawks,  713. 

Hawks-bill  Turtle,  619. 

Heartrurchins,  228. 

HeetoGOtylus,  486. 

Hedgehog,  856. 

Hedge-sparrow,  702. 

Uelaretos,  822. 

Helianthoid  Polypes,  177. 

Uelicidoe,  474. 

Helioliteg,  204,  205. 

Beliopora,  203.  204. 

Helioporidag,  203. 

Ileiiozoa,  92. 

Helladotfmrium,  797. 

Helftderma.  032. 

Heraelytra,  892,  407. 

Hemerobiida!,  410. 

Heiuiinctabolic  Insects,  399,  405. 

Hemiptera,  405. 

Hermit-crabs,  361. 

Heron,  GDI. 

Ilerpeste*,  830. 

Herring,  564. 

He*peroinySt  840. 

IlMperomis,  678,  679. 

Hessian  Fly,  415. 

Heteroeera,  416. 

Heterocercal  tail  of  Fishes,  544. 

UeUroma^tix,  102,  103. 

Heteromera,  422. 

Heteromya^  Bivalves,  455. 

Het^ronereiSf  314. 

Uetfrophrys^  94. 

Heteropod'a^  468,  468:  characters  of,  47S; 

families  of,  473. 
Heteroptera,  407. 
Hexacorallat  177. 
HexactinifB,  177. 
IlexactinellidcB,  120. 
Hibernation,  10. 
Uimantopxu,  694. 
Ilipparuyn,  779. 
Hippchoseidor,  415. 
Hippocampidce,  667. 
HIppocrepian  Polytoa,  430. 
Hippoglo«su8,  565. 
Hippopotamidce,  782. 
Hippopotamus,  782,  788. 
Ilippoispongia,  117. 
UippurUidce,  461,  462. 
Hirudinea,  301 ;  types  of,  306. 
Hirundinidv,  703. 
Ifirundot  70S. 
Holocephali,  676. 


Holoeyttis,  197. 

HolometaboUc  Inaects,  400,  411 
Holopus,  250. 

Holostomatous  Gastropods,  465,  471. 
Holothuria,  258,  259. 

J^o^otAuroidtfo,  218,  219;    characten    of, 
264 ;  groups  of,  258 ;  distributioA  of,  in 

Xce  and  time,  269. 
nia,  120. 

HofnariM,  869 ;  anatomy  of,  32S  «t  Mf. 

Homo,  870. 

Homocercal  tail  of  Fishes,  644. 

Homology,  28 ;  serial,  29. 

Homomorphism,  80. 

Horaomyary  Bivalves,  455. 

Homopteraj  406,  406. 

Honey-badger,  824. 

Honey-bear,  822. 

Honey-eater,  708. 

Honey-guide,  706. 

Hoopoe,  706. 

HopltHifphalut,  628. 

Hortniphora,  209. 

Horn-bill,  706. 

Homed  Ray,  579. 

Homed  Viper,  626. 

Hornet,  419. 

Horse,  777. 

Honie-mussels,  460. 

Home-shoe  Crabs,  349. 

House-fly,  416. 

Howling  Monkey,  864. 

Humming-birds,  708. 

Hump-backed  Whales,  764. 

Hunting-dog,  829. 

Hyctna,  881,  882. 

Hy€enarcU>$,  816. 

HycBnidof,  831. 

Hyalea,  479,  4S0. 

Hyalonema,  120. 

Hyaloipheniett  77. 

Hyaa,  364. 

Hydatids,  274. 

Hydatinea,  298. 

Hydra,  128 ;  characters  of,  132 ;  reproduc- 
tion of,  134. 

Hydrachnida,  374. 

Hydractinia,  136, 139, 141. 

Hydra-luba.  163, 164. 

Hydrida,  132. 

Hydrocaulus,  143. 

Hydroehceru9,  843. 

HydroeorallincB,  132 ;  characters  of,  169. 

HydroeoriMB,  407. 

Hydrocysts,  158. 

Hydroecium,  156 

Hydroid  Zoophytes  (see  Bvdroida). 

Hydroida,  characters  and   divisions   of; 
132  ;  reproduction  of,  136-140. 

Bydrophid^,  628. 

HydrophUidcB,  402,  423. 

Hvdrophyllia,  164. 

Hydropotet,  793,  796. 

Hydrorhiza,  130. 

HydrotaunUf  634. 

Hydrosoma,  129. 

Hydrotbeca,  142. 

Hydrozoa,  general  charactera  of,  128 ;  iet- 
minology  of,  129 ;  diyisions  of,  132. 

Hyla,  604. 

Hylida,  604. 

HylobaUs,  869. 
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Hylodu,  505,  60L 
HymenocarUt  846. 
Hymenoptera,  892,  897,  400;  cbancten 

of,  417. 
Hyocrinugf  250. 
Hyoid  arch  of  Fiahet,  588. 
ByolUheg,  480. 
Hyperodapedon^  082,  038. 
Hyperoodon^  767. 
HypobythiuM,  511. 

Hypophysial  gland  of  Tunlcates,  608. 
Hypoatome  of  Trilobit«s,  840. 
Hypnprymnopgu,  746. 
Hypsiprymnus,  741. 
Hyraeaidea,  805. 
tiyraeothtrium^  774. 
Byrax,  805,  806,  807. 
Hystrieida,  842. 
Hystrieomorpha,  842. 
Hyttrix,  842. 

Ibis,  692. 

Ichneomon  (Insects),  418;  (Camivora), 
830. 

IchneumonidcBf  418. 

Ichthyophthira,  340. 

Ichthyopsida,  581. 

JchtkyopUrygia,  642. 

lehthyomis,  652. 

lehthyoMuria^  642. 

Ichthyosaurus,  643. 

IcteridtT,  702,  703. 

letitherium,  816. 

IdoUay  365. 

/dyia,  209. 

Iguana,  635. 

fgvanidas,  635. 

Iguanodonf  649,  650. 

llyanthidas,  181. 

Ilyanihfu,  181. 

Imago,  399,  400. 

Impennes,  6S5. 

Imperforata  (ForaminiferaX  8L 

Implacental  Hammals,  731. 

JnartteuZafa  (Brachiopoda\  440,  441. 

IndicatoridcR,  705. 

Individuality,  general  definition  of,  48. 

Indris,  862. 

IndrisitUF,  862. 

Infusoria,  characters  of,  95;  divisions 
of.  97;  Ciliated,  97;  Suctorial,  101; 
Flagellate,  101;  CUio-flagellate,  103. 

Jnia,  766. 

Inopereulata,  474. 

Inorganic  and  organic  matter,  differences 
between,  2. 

/7i«t;cfa,  318,  320;  general  characters  of, 
890 :  organs  of  the  mouth  of.  893 ;  di- 
gestive system  of,  394,  805 ;  circulatory 
and  respiratory  organs  of,  396,  897; 
nervous  system  of,  397;  reproduction 
of,  398  ;  metamorphosis  of,  399 ;  dis- 
tribution of,  in  space,  401 ;  distribution 
of,  in  time,  402  ,  orders  of,  402  et  sea. 

Insect  ivora,  general  characters  of,  861; 
families  of,  852  ;  (CheiropUra),  849. 

Insessores  (see  Passerss). 

Integropallialia,  455,  460. 

Invertehrata,  general  featores  0^  614. 

Irish  Elk,  795. 

Irregular  EchinoidB,  228. 

liehiodut,  676. 


Isis,  201. 

Isopoda,  330,  362 ;  general  characters  of, 

354 ;  groups  of,  855,  360. 
Itch-mite,  374. 
lulidce,  386. 
lulus,  886,  387. 
Ixodes,  875. 
Ixodidce,  374. 

Jabiru,  691. 

Jacana,  693. 

Jackals,  829. 

Jackdaw,  701. 

Jaguar,  834. 

Jay,  701. 

Jelly-flshes,  131, 187, 148, 160,  161. 

Jerboa,  841,  842. 

Jumping-hare,  842. 

Jumping-mouse,  842. 

Kakapo,  710. 
Kangaroo,  740. 
Kangaroo-bear,  742. 
Kangaroo-rat,  741. 
Keratode,  118. 
Keyhole  Limpets,  472. 
King-crabs,  340. 
Kingfishers,  705. 
King  Vulture,  713. 
KinkiOou,  823. 
Kiwi,  684. 
Koala,  742. 
■Koleops,  28a 
Koodoo,  790. 

Labrace,  566. 

LahHdce,  566. 

Lal^yrinthodon,  605. 

Labyrinthodonts,  604. 

Lacerta,  634. 

La/iertidtK,  634. 

Lac^tiliaj  613 ;  general  characters  of, 
629;  divisions  of,  632;  distribution  of, 
in  time.  632. 

Lady.birds,  422. 

Lcpmargus,  578. 

LcemodipodcL,  353,  864. 

Lagena,  82,  87. 

Lagenida;  86. 

Lagklium,  843. 

La^omydcF,  844. 

Lagomys,  844. 

Lagopus,  695. 

Lagostomus,  843. 

Lainellibranchiata,  446,  447,  449  ;  general 
characters  of,  450 ;  foot  of,  451 ;  shell 
of.  451-454;  muscular  impressions  of, 
455 ;  digestive  system  of,  457 ;  respira- 
tory organs  of,  458 ;  nen'ous  system  of, 
459;  divisions  of,  460;  distribution  of, 
in  time,  461. 

Lamelllcom  Beetles,  423. 

Lamellirostres,  689. 

L&mmergeier,  713. 

Lamna,  578. 

Lamnidce,  578. 

Lamprey,  566,  567,  568,  659,  600. 

Lamp-shells,  430. 

Lampyris,  422. 

Lancelet.  534,  545,  654 ;  stractare  of,  556. 

Land-craba,  363. 

Land-plaaarians,  279. 
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Land-salamanders,  699. 

Land-tortoises,  620. 

Laniidoft  702. 

LaniiUy  700. 

Lantern-fly,  406. 

Laomedeay  148. 

Lapwing,  694. 

Larida,  687. 

Larks,  703. 

Latistemal  Apes,  868. 

Leathery  Turtle,  619. 

Leech,  S02 ;  anatomy  of,  304,  305. 

Leiodermatium,  120. 

Lemming,  840. 

Lemur,  862. 

Lemuridce,  860,  862. 

Lemurituc,  862. 

Lemuroidea,  859. 

Leopard,  834. 

LepadidfB,  331;  characters  of,  334;  dis- 
tribution of,  in  space  and  time,  335. 

Lepaa,  331,  334, 

LepideehinuSy  229. 

Lepidoganoids,  571. 

Lepidoptera,  392,  397,  400,  402 ;  mouth- 
organs  of,  894;  characters  of,  415; 
groups  of,  416. 

Lepidoairen,  580,  581,  582 ;  characters  of, 
583. 

LepidosteidcBf  672. 

Lepidosteus,  535,  668,  569,  571,  572. 

Lepiduruity  344. 

Lepisina,  405. 

Leporidce,  844. 

Leptocardii  (see  Pharyngobranehii). 

Leptocephalug,  526. 

Leptoglossa,  031. 

LeptoptiluHt  691. 

Lepun,  844. 

LenuBUt  341,  342. 

Lettkia,  225. 

Lattosaurus,  635. 

I^eiueria,  209. 

Leucandra,  128. 

Letieiscus,  5m. 

Leucorwg,  123. 

LibeUvlidcB,  410. 

LiaberkOhnia,  78,  80,  85,  86,  87. 

Life,  nature  and  conditions  of,  7-12. 

Ligia^  356. 

Ligula,  267. 

Limacidce,  474. 

Limacinidcp,  478. 

Liniapontia,  472. 

Limax,  474. 

Limicolce,  306. 

Limnadia,  344. 

LimrtOM,  475. 

Limrueidce,  474. 

Limnoeodium,  152. 

LimnoriOy  356. 

Limoga^  694. 

Limpet,  464,  472. 

i;imu2u«,  349,  350,  851. 

Lingua  (Insects),  894. 

Lingual  Ribbon  (of  Jf  oZftuca),  467. 

LinffiuUulincBf  372. 

Ltn^jruZa.  486,  437,  438,  440,  441,  442. 

LingulidcB,  441,  442. 

Linnets,  708. 

Zrtnoto,  703. 

Lion,  834. 


LisaotrUony  599,  601. 

IraAt«<uto,  119.. 

^itAoftiiM,  386. 

Lithocysts,  161. 

Lithodes,  362. 

Lithodomtu,  460. 

LUtorinaj  471. 

Littorinidce,  472. 

LituUes,  497. 

Lituola,  86. 

Lituolidtr.,  86. 

Liver-fluke,  anatomy  of,  276 ;  development 

of,  276,  278. 
Living  bodies,  characters  o(  5. 

Lizards,  629.  . 

LUma,  791.  792. 

Lobster,  359 ;  anatomy  of,  822-329. 

Lob-worm,  315. 

Locuatidce,  409. 

Locust-shrimp,  357. 

Loggerhead  Turtle,  619. 

Loltgo,  490,  491. 

Longicomiay  422. 

Lonffiroatres,  693. 

Longshanks,  694. 

LoTiadaleia,  188. 

Loon,  687. 

Lophiodon.  774. 

Lophiua^  566. 

fropAobrancAti,  567. 

Lophophore,  430. 

Lophojnu,  428,  430. 

Lopliortyx^  695. 

Lophotragus,  793. 

Lophyropoda^  329,  838. 

^ortcata  (/Septi^ia),  608. 

Loris,  863. 

Lory,  710. 

Louse,  408,  404.  ' 

Loxia,  703. 

Loxodan,  811. 

Loxoaoma,  425,  432,  433. 

Luceniaria,  159,  160. 

L^icernarictdcR,  159. 

l/tM!emaru2a,  132 ;  general  characters  of. 

159;  umbrella  of,  160;  development  of. 

161-164. 
LueinidoB,  461. 
Luidia^  285. 
Lumbrieidce,  809. 
Z/iim^neiM,  anatomy  of,  803,  809. 
Luacinia,  702. 
Lutra,  824. 
Lycaon,  829. 
Lycoaaunts,  646. 
Lyncxis^  835. 
Lynx,  885. 
Lyre-birds,  704. 

Macacu8y  866. 
JT'ulTuirewia,  120. 
Macaw,  709. 
Maehairodua,  816. 
Machetea^  694. 
MachUia,  405. 
Mackerel,  566. 
JfocZurea,  475. 
JToeraueAenia,  775. 
lfacrattcA«nii(ue,  775. 
MacrobiotidOB,  873. 
Macropodidce,  740. 
If acroptw,  740. 
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Maeroteeliday  857. 

Maero»eelideSy  857. 

Maerotkerium,  764. 

Macrura^  869. 

Maetrida,  461. 

Madreporaria,  182.  ^ 

Madreporidce,  189. 

Madreporiform  tubercle  («m  Madreporite). 

Madreporite,  217;  of  Echinoida,  228;  of 
Asteroids,  233 ;  of  Ophiuroids,  237 ;  of 
Holotburoids.  256. 

Magpie,  701. 

Maia,  364. 

Malacobdella^  282. 

Malaeopterit  563. 

Malacopterygii,  591. 

Malacostraca,  330 ;  characters  of,  S52. 

Mallnrd,  690. 

Mallophaga,  404. 

Malpighian  tubes  (ot  Araehnida),  369;  (of 
Insecia)^  396. 

Mamma liUt  681 ;  general  characters  of, 
716 ;  osteology  of,  716 ;  exoskeleton  of, 
716 ;  teeth  of,  726 ;  digestive  system  of, 
727  ;  respiratory  organs  of,  728 ;  circula- 
tory system  of,  728  ;  reproductive  or- 
gans of,  729 ;  primary  divisions  of,  732  ; 
orders  of,  733 ;  distribution  of,  in  time ; 
731. 

Mammoth,  812. 

Manatee,  758. 

Manatus,  717,  756,  758. 

Mandibles,  of  Lobster,  324 ;  ot  Araehnida, 
367.368;  of/iwecto,  893. 

Mandrill,  866. 

Mangue,  831. 

Manidce,  751. 

Mani^,  748,  760,  751. 

Mantis,  409. 

Mantle,  of  Brachiopoda,  438 ;  otMoUtuea, 
444 ;  of  Lamellibranekiata,  450 ;  of 
Gastropoda,  462  ;  of  Pteropoda,  478 ;  of 
Cephatopoda,  481 ;  of  Tunicata,  506. 

Marubon,  691. 

Mareca,  690. 

Marginal  bodies  of  TrachymedusoB,  149, 
151;  of  Aera4tpeda,  161,  162. 

Marmoset,  863,  864. 

Marmot,  838. 

Margipobranchii,  554;  general  characters 
of,  566  ;  families  of,  559. 

Marsupial  bones,  724,  737. 

Maraupialia,  732;  general  characters  of, 
737 ;  familiea  of,  789 ;  distribution  of, 
in  space,  737 ;  distribution  of,  in  time, 
746. 

Marsupiteg,  261. 

Marten,  826. 

Martin,  703. 

Mastax  of  Rotifers,  291. 

Mastodon,  811,  812. 

Mazillfie,  of  Lobst«r,  824 ;  of  Araehnida, 
867;  otlnsecta,  893,  394. 

MaxilHpedes,  of  Lobster,  826;  of  Centi- 
pedes, 385. 

Mayflies,  410. 

MazM^ia,  870. 

Meandrina,  189. 

Medusa,  131,  137 ;  Naked-eyed,  161 ;  Hid- 
den-eyed, 161. 

Medosiform  gonophores,  181,  136,  189, 
147. 


Megaeerops,  775. 

Megaceros,  795. 

Megacheiroptera,  848. 

Megaderma,  849. 

MegaUmyx,  754. 

Megalopa-stage  of  Crab,  864. 

Megalosaurus,  649. 

Megalotis,  829. 

Megalotrocha,  290. 

Afegapodidce,  696. 

Mfgaptera,  761,  764. 

Meaatherium,  754. 

Melania,  475. 

Melaniadce,  471,  476. 

MeUagris,  695. 

Meles,  824. 

Melieerta,  290,  298. 

MelidCB,  824. 

Meliphagidce,  703. 

Mellivora,  824. 

Melonites,  229. 

Melurms,  822. 

Menobranchtts,  599. 

Menopoma,  591,  598,  699. 

Mentum  of  Insects,  394. 

Menuridce,  704. 

MephUis,  824. 

Merganser,  690. 

Mergulus,  687. 

Mergus,  690. 

MeropidcB,  706. 

Merostomata,  829 ;  characters  of,  348. 

Mesenteries,  of  Actinozoa,  176;  of  Aetin- 
ida,  179,  180  ;  of  Alcyonaria,  197. 

Mesoderm  ot  Aetinozoa,  127. 

Mesohippus,  778. 

Mesopiodon,  767. 

Mesopodium,  463. 

Mesothorax,  392. 

Metacrinus,  250. 

Metamorphosis,  65 ;  of  Insects,  399. 

Metapbdium,  463. 

Metathorax,  392. 

Metcuoa,  24,  66. 

Mice,  8S9,  840. 

Microcheircptera,  849. 

Mientgromia,  85,  86. 

Microhydra,  132. 

Microlestes,  731,  746. 

Midas,  864. 

Midge,  415. 

Miliola,  81. 

Miliolidoi,  81,  86. 

Millepedes,  385,  386  387. 

MilUpora,  169,  170,  171. 

Mimicry,  SO. 

Mimus,  702. 

Mink,  826. 

Minnow,  564. 

Minyas,  177,  181. 

Miobagileus,  776. 

Miohippus,  778. 

Mites,  373,  374. 

Jffwtnta,  209. 

Moa,68S. 

Mocking-bird,  702. 

Mole.  854. 

Mole-cricket,  398,  409. 

Mole-rat,  841. 

MoUusea,  general  characters  of,  444;  de- 
velopment of,  447;  Bhell  of,  448;  divi- 
•ions  of,  449. 
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MoUtueaidea,  general  chanctereof,  424. 

Moloeh,  636. 

Molothnu,  705. 

Molpadia,  258. 

MotnotidcB,  706. 

MonactinsUukB,  116, 117. 

Monads,  102,  108. 

Monera,  72. 

Monitor,  634. 

Monkeyfl,  858,  86S. 

Monk-flsh;  578. 

Monoeystidea,  69. 

MonoeystiSt  60,  71. 

Monodelphia,  782. 

Matwdofiy  766. 

MonograptuSy  167,  168. 

Monomerotomata,  372. 

Monomyary  Bivalves,  455. 

Monothalamous  Foraminifera,  82. 

Monotremata,  718,-  719,  720,  724,  729,  730, 
731,  732 ;  general  characters  of,  T8S ;  dis- 
tribution of,  in  time,  736. 

Mopsea,  201. 

Morepork,  705. 

Mormon,  687. 

Moroptu,  754. 

Morotheriunif  754. 

Morphological  type,  26. 

Morphology,  17. 

Morse,  819. 

Mosasauria^  634. 

Mostuaurus,  684. 

MoHchiU,  792,  796. 

Moseleya,  196. 

Mosquito,  415. 

Motacilla,  708. 

Motaeillidce,  703. 

Mother-of-pearl,  449. 

Moths,  416,  417. 

Motmots,  706. 

Moufflon,  799. 

Mound-birds,  696. 

Moving  filaments  of  Needham,  486. 

Mud-eel,  598. 

Mud-fish,  579. 

Mud-puppy,  599. 

Mud-turtles,  619. 

Mud-worms,  306. 

Mugilidae,  566. 

Mullet,  666. 

Mnltivalve  shells,  449, 476. 

Mungoos,  830. 

Muntjak,  796. 

Murcenida,  664. 

MuricidiE,  471, 

Murida>,  839,  840. 

Mils.  840. 

Mutfcifapat  702. 

Muscicapidiv,  702. 

ifuttcidip.,  415. 

Mushroom-corals,  189. 

Musk-deer,  790. 

Musk-ox.  800. 

Musk-rat,  840. 

MusophagidcB,  705. 

Mussel,  460. 

Muitela,  826. 

Mustelidce,  823,  825. 

Mustelut,  578. 

A#ya,  454,  460. 

Myaddm,  461. 

MyceUt,  864. 


Myeteria,  691. 

Myctodera,  598,  599 

MygdUdm,  881. 

Mylwbatida,  579. 

Myliobatis,  579. 

Mylodon,  754. 

MyodeM,  840. 

MyoffoU,  858. 

Myopalida,  868. 

Myomorpha^  889. 

Myopotamutf  840. 

Mytyxida,  889. 

Myoxut,  837.  8S9. 

Myriapoda  (see  Myriopoda). 

Myriopoda,  318;  general  characten  of,  883 ; 

distribution  of,  in  time,  886 ;  ordera  of, 

385-889. 
3fyrm«eo&ii(to,  748,  745. 
Afynnecobiui,  745. 
Mymueophaga.  761. 
MyrtiueophagideB,  750. 
MyrmeUo,  S96i 
Mitrmtleontidatt  410l 
J/y#w.  357,  358.  ' 
MytUida,  460. 
MytUua,  460. 
Myxine,  557, 559,  560. 
MyxinidoB,  556,  559,  560. 
Myxodietyon,  72. 
MyxostpoitgioB^  118,  116. 
Myzostoma,  298. 
Myzostomida,  298. 

KacreouB  shells,  449. 

NdididoB,  806,  809. 

JVaja,  627. 

Narwhal,  766. 

Hamta,  828. 

Ndtatorei,  685. 

yatieidcB,  471. 

Natural  selection,  41. 

Nauplius,  836. 

Kautactit,  177.  181. 

Naulilidtr,  496,  497,  498. 

Nautiloid  /=*oromm<^era,  83. 

Nautilus  (Pearly),  482,  484,  487.  4S8.  494» 
499  ;  (Pai>er),  487.  489. 

Kebatia,  344,  345. 

Xecrolemur^  860. 

Xecrophorus,  428. 

Neetariniidoit  708. 

Nectocalyx,  of  rrac%fli«dif«e.  148;  of 
Calyeophorida,  154 ;  distinguished  from 
the  umbrella  of  the  ^erouijeda,  160. 

NeeturiUf  599. 

Needham,  moving  filaments  of,  486. 

Nemalelmia,  265 ;  characiers  of,  282. 

Nematocysts,  127. 

yeinatoda,  283 ;  chacacters  of,  285 ;  par- 
asitic forms  of,  286 ;  f^ee  forms  of,  2S9. 

Nemertida,  278 ;  characters  of,  280 ;  dis- 
tribution ofT  281. 

Neocrinoids,  249. 

Keolimulut,  851. 

neophron,  713. 

iS'«|W,  407. 

Kereid43B,  815. 

Jfereit,  314. 

Iferitidas,  472. 

Nenrures,  392. 

A'tfffodon,  805. 

Aertor,  710. 
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Ne^oridce,  710. 

Neuropodinro,  810. 

yeuroptera,    894,   409;    characters    of, 

409 ;  sections  of,  412. 
Newts,  599. 

NidamenUl  ribbon,  470. 
Night-heron,  691. 
Niglitingale,  702. 
Niglit-jar,  706. 
Hoetiluca^  103. 
^oetuidai,  417. 
Nodcsaria,  83,  87. 
yonionina^  87. 
Nothosaurus^  644. 
Notochord,  616. 
Notodelphya,  692,  601. 
Notominatijia^  893. 
NotoneetOy  407. 
Notopodiam,  810. 
Nototrema,  692,  595,  601. 
HucUobranchiata  (see  Heteropodd). 
Nucleolus  of  ParamcBciumf  99. 
Nucleus,  of  Protozoa,  67 ;  of  Gregarina, 

69 ;  of  Amaba,  74  ;  of  Infuvyrxa^  96  ; 

of  the  shell  of  Molluscs,  440. 
Nudibranchiata,  472. 
Numenius,  694, 
Numida,  690. 
Hummulina,  87,  89. 
Numinulitic  limestone,  89. 
Nummulinidmf  87. 
Nuthatch,  702. 
Nutketes,  632. 
/fi/eteretttes,  829. 
NycteridcB,  849. 
KyeticebinOB,  862. 
Ifycticebus,  863. 
Ifycticorax,  691. 
NyctipithecuSj  866. 
Nymph,  400. 
Nymphon,  371. 

O&eZia,  148. 

Oc«anac{M,  177,  181. 

Oceanic  Hydrozoa,  162. 

OctaetiniiF,  197. 

OctacnemuH,  511. 

Octodon,  842. 

Oetod&ntidce,  842. 

Octopoda,  489. 

Octopodidce,  489,  490. 

Oc/opu«,  498. 

Oculinidcp,  189. 

Ocifpoda,  363. 

Odobctnui,  819. 

Odontoceti,  764. 

OfioiUo/c^,  678. 

Odontophora,  449,  462. 

Odontophore,  467. 

OdofUfqiharidoB,  695. 

Odontopteryx,  667. 

Odontomithes,  678. 

OcicmtoCoTTnor,  680. 

(Edemia,  690. 

(EdienefntM,  694. 

CEdipoda,  409. 

Olfactory  tubercle  of  Tnnicates,  608. 

OlMoeA<c<a,  characters  of,  306;  distrfba- 

tion  of,  in  space,  809. 
O2i0DponM,  229. 
Onaaer.  778. 
OneAus,  576. 


OneidiadiB,  474. 

Oniscidce,  356. 

Oniscus,  356. 

Ontoeenesis,  67. 

Onychophora,  386 ;  characters  of,  887. 

Onyehoteuthig,  482,  498. 

Ooecium  of  Polyzoa,  428. 

Opalina,  97. 

Operculataj  474. 

Operculum,  of  BalanidcBf  888 ;  of  Gostro- 

l>oda,  463 ;  of  Fishes,  637. 
Ophiderpeiony  605. 
Ophidia,  618;  general  characters  of,  620; 

distribution  of,  in  time,  624 ;  groups  of, 

624. 
Ophioglypha,  238,  289. 
Ophiomorpha,  596. 
Ophiophamu,  627. 
Ophiothnx,  239. 
OT^Auaurutf,  633. 
(^Aiurtd^E,  239. 
0})Aiun>»d<a,    218,    219;    characters   of, 

236 :  groups  of,  289. 
OpwtAoSrancAuifa,   470;    characters   of, 

472. 


Opisthoccelia  (Croeodiliai,  640. 


••?: 


Opisthoglypha,  628. 

0l)0ssum,  743,  744. 

Opossum-shrimp,  867. 

Orang-utan,  869. 

OrbUoides,  89. 

OrbitoliteSy  86. 

arbulina,  87. 

Orca,  766. 

OrcAtfftta,  364. 

Oreaster,  336. 

OreastridcB,  235. 

Ortfodon,  780. 

Oreodontidce^  786. 

Organ  of  Bojanus,  469. 

Organ-pipe  Coral,  199. 

Organic  and  inorganic  matter,  differences 
between,  2. 

Organs  of  the  mouth  of  Insects,  893. 

Orioles,  702 ;  (American),  703. 

Oriolida,  702. 

Oriolust  702. 

Omithodelphia,  782, 783. 

Omithorhynchus,  738,  784,  735,  780. 

OmifA^auna,  646. 

Orohippus,  774,  778. 

OrtAoc^rM,  497.  499. 

Orthoceratidce,  499. 

Orthoptera,  892,  394,  402 ;  general  charac- 
ters of,  408. 

Ortonia,  818. 

Orfya;,  696. 

OryeteropidcB,  762. 

OryeteropttSy  752. 

Oseine«,  701. 

Oscula  of  Sponges,  110,  111. 

0«m«ru«,  564. 

Osprey,  712. 

OgUolevUy  669. 

OstracurnHda,  666. 

Oitracoda,  829 ;  chaimctera  of,  888. 

OcCroeostei,  671. 

Osfrea,  468,  469,  460. 

OttreidcB,  460. 

Ostrich,  680,  681 ;  (American),  681 

OtariadcB,  817, 818. 
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Otidida,  604. 

Otu,  094. 

Otter,  824. 

Oudtnodmi,  644,  645. 

Ounce,  834. 

Orarian  veflicles  of  SflztoluiAiis,  145. 

(h>ibo8,9W. 

Oricells  of  Polffzoa,  428. 

OvidcB,  708. 

Ovipositor  of  Inflects,  SOS. 

Ovis,  790. 

Owl*,  714,  715. 

Oxen,  709,  800. 

OxtjurU,  286,  287. 

Oyster-catcher,  694. 

Paca,  84S. 

PachydemuUa,  768. 
Pcuhyglosm,  631. 
Paddle  flrth.  572. 
Pagurida,  361. 
Pagurus,  361. 
Palaxufter,  236. 
Palcfchinui,  220. 
Palaiehthyeit,  554,  567. 
Paloemon,  359. 
Pahuocrinoidfl,  240. 
PaUzodietyoptera,  402. 
Palaff)di*CMft,  23tf. 
PaUB^myctis,  816. 
PalaophUt,  624. 
PaUefiphonu9,  370. 
Palfeotherido',  775. 
Palceotherium,  775. 
Palamt^dm,  690. 
Palamedeidfy^  690. 
PalapteriigidcB,  684. 
Palapteryx,  684. 
PaltnuruM,  359. 
Pallial  line  of  Biyalves,  465. 
Pallial  sinus,  456. 

PcUliobranchiata  {see  Brachiopoda). 
Pallium  (4«e  Hantle). 
Palmipen,  235. 
Palpocils  ofUydroids,  128. 
PaludiceUa,  431,  433. 
Paludina.  475. 
Paludinid(r,  472. 
Palythoa,  181. 
Pamph(tgitSt  77. 
Panda.  823. 
/•anduMi,  712. 
Pajidiones,  711,  712. 
Pangolin,  751. 
Panorpid(K,  410. 
Panther,  834. 
Pantopoda,  370. 
Paper  Nautilus  (m«  Aigonaut). 
Paractinice,  180 
ParadiseidcB,  702. 
Paradoxurus,  831. 

ParavMBcium,  structure  of,  07 ;  reproduc- 
tion of,  09. 
Paramuricea^  107. 
Parapodia,  299,  810. 
ParMtaeidoBy  860. 
Paridoi,  702. 
Porra,  603. 
ParrakeeU,  710. 
ParroU,  708,  700. 
Parthenogenesis,  62. 
Partridge,  606. 


PartM,702. 
Patter,  70S. 
Patttret,  685;  duneters  oi;  609;  sroapa 

of,  701. 
PaUUa,  464,  469. 
PaUUida,  472. 

Panropoda,  385 ;  characters  of,  387. 
Pauroput,  383,  384.  S87. 
Paoo.  605. 
Pavonaria,  900l 
Peaehia,  177. 
Pea-crab,  364. 
Pea-fowl,  60S. 
Pear-«ncrinite,  360. 
Pearl-oyster,  460. 
Pearly  Nautilus,  481.  482,  484,  488;  strac- 

tnre  of,  494;  distribution  of,  400. 
Peccary,  785. 
Pecten,  459,  460. 
Peeton  of  eye  of  Birds,  672. 
Peetinaria,  813. 
Peetinatelia,  428. 
PecttiHCtUut,  452. 
Pedalion,  293. 

Pedata  [Uolothuroidea),  258. 
Pedetet,  842. 
Pedieellariof,  222,  231. 
Pedi4:tllina,  431,  433. 
Pediculati,  666. 
PediculidcB,  408. 
Pediculugy  404. 
Pedipalpi,  877. 
Pelagia,  162. 
Pelagic  sons.  60. 
Pelagidm,  161. 
Pelagonemertea,  280,  281. 
PelagontTMrtida^  282. 
P«iiVi»,  626. 
Pelican,  688. 
PeliearUdm,  688. 
Pelmatozoa,  219,  240. 
Peloinyxa,  74,  76. 
PeUmaia,  448,  611. 
Peltogaater,  336. 
Pen  of  Cuttle-fishes,  487. 
Pen«et«,  359. 
Peneroplis,  86. 
Penguin,  686,  686. 
Penicultu,  341. 
Pennatula,  200,  901. 
Pennatulida,  198 ;  characters  of,  199. 
Pentacrinut,  245,  246,  250. 
Pentamera  (CoUopttra),  422. 
Pentameridai,  44L 
Pentattama,  873. 
Pentattofnida,  872. 
Pentatoma,  408. 
PentremiteSf  263. 
Peramelidce,  743,  744. 
PerafAerium,  747. 
Perea,  566. 
Perch,  566. 
Perchers,  600. 
Pereida.  566. 
PerdiddcBj  605. 
Perdix,  605. 

Perennibranchlate  Amphibians,  595,  598. 
Perforata  (Foraminiftra),  81;  (CoralsX 

180. 
Pericardium,  of  CrustaMAf  827 ;  of  lfo{- 

{fMea.  445. 
Perid^nium,  96, 96. 
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Peiieaatrle  space  otPolyzoa,  431. 

Perigonimtu,  50,  51. 

Periostracum,  44». 

Peripatiu,  888,  S89. 

Perisehoeehinidce,  229. 

Perisaodaetyla,  769. 

Peristome,  of  VorticeUa,  100 ;  of  the  shell 

of  Gastropods,  465. 
Peristomial  space  of  Aetinidar^  178. 
Perivisceral  space  of  Aetitwzoa,  174. 
Periwinkle,  472. 
PerlidcR,  410. 
Perodictictu,  808. 
T'erophora,  510. 
Peropoda,  628,  629. 
Petaurug,  748. 
Petratter,  236. 
Petrel,  687. 
Petrogale,  741. 
Petromyzojiy  560. 
PetromyzanidcB,  559. 
Pezopkaps,  699. 
Phacochhtrus,  785. 
Phcenicopteridce,  690. 
Phcenic&pterus,  690. 
Phaeton,  689. 
Phalacrocoraa,  688. 
Phalangera.  742. 
Phalangidea,  375. 
Phalangista,  743. 
PhcUangistidcp,  742. 
Phalaiiffiuin,  376. 
Phanogenia,  240. 
Phareirones,  122. 
Phariingobranchii,  654. 

Pharyngftgnathi,  566. 

Pharynx,  of  Tunicates,  506;  of  Lancelet, 
555. 

Phtueolaretos,  742. 

PhaHcolomyg,  739,  740. 

Phintcolotheriufn,  781,  747. 

Phagianuioe,  695. 

Phagianiig,  695. 

Pha^midas,  409. 

Pheasant,  695. 

PAoca,  818. 

Phocamu,  765,  766. 

PhocUUr,  818. 

PholadidfT,  449,  461. 

PAotes,  452,  460. 

PhormoHoma,  228,  230. 

Pharonis,  298. 

Phoxinus,  564. 

Phragmacone,  448;   of  SJpirttto,  492;   of 
Belemnite,  493. 

PhryganeidcB,  410. 

Pkrynidea.  379. 

Phrymu,  379,  880. 

Phthiritut,  404. 

Pbylactoliematoiis  Polyzoo,  488. 

Phyllidiadce,  472. 

PhyllirhoidcB,  472. 

Phyllocarida,  345. 

Phyllocyst,  154. 

PhyUopoda,  829;  characters  of,  844. 

Phyllottoma,  859. 

Phyllogtoma,  851. 

Phyllostomidas,  849,  861. 

Phyogemmaria,  158. 

PAy»a,  476. 
.    PAy«a2ta,  156, 157, 158. 
.  PhysaluSt  764. 


PhyKter,  764. 

PhyaeUridcBy  764. 

Physiological  selection,  44. 

Physiology,  17. 

PkyBophora,  158. 

Physophorida,  152;  characters  of,  156; 

reproduction  qA  168. 
Physostomi,  863. 
Pica,  701. 
PicaricB,  704. 
Pieidce,  707. 
Picoidece,  706. 
Piddock,  461. 
Picm,  415. 
Pigeons,  696,  697,  698. 
Pika,  844. 
Pike.  564. 
PWidiwn,  281. 
Pill-miUepede,  387. 
P»?wia,  460. 
Pinnipedia,  816. 
Pinnotheres,  364. 
Pipa,  595,  602. 
Pipe-flsh,  567. 
Pipiatrelle,  850. 

Pipit,  703.  ,    _„ 

Pi«c««,  629;  general  characters  of,  533; 
scales  of;  533,  534;  skeleton  of,  535: 
skull  of,  536;  limbs  or,  541;  tail  of, 
543;  visceral  arches  of,  538;  respiratory 
organs  of,  545 ;  heart  and  circulation  of, 
647 ;  digestive  system  of,  549 ;  swim- 
bladder  of,  551;  nervous  system  of, 
551;  reproductive  organs  of,  652;  orders 
of,  554. 

Piscicolu,  308,  306. 

Pitheeia,  865. 

Pitheciidm,  865. 

PUhecus,  869. 

PUtidas,  704. 

Placenta,  731. 

Placental  Mammals,  731. 

Placoderms,  571. 

Pla^odtM,  645. 

Placoid  scales  of  Fishes,  634. 

Placoidei,  572. 

Plagiaulnx,  731,  747. 

PtagiostomU  576,  577. 

Planarida,  278,  279. 

PlanorbU,  465,  475. 

Plantain-eaters,  705. 

Plantigrade  Carnivora,  820.  , 

Plant-lice,  406, 420 ;  parthenogenesis  of,  53. 

Plants  and  animals,  differences  between,  19. 

Planula.  140. 

Plasmodium,  15. 

Plasmopora,  205. 

Plastron,  617. 

PlataUa,  692. 

PlataleidcB,  691. 

P2atoni««a,  766. 

PUUyeereidcB,  709. 

Platytlmiay  265. 

Platyrhina,  863,  864. 

PZeeottM,  850. 

Pleetognathi,  666. 

Plenaretomys,  887. 

Plesiosauria,  644. 
PZe»io«auru»,  643,  644. 
PtethospongvcB,  116. 
Plenra  of  Lobster,  SSS. 
Pleurolfraehid,  206,  209 
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PUurobranehidiBt  472. 

Pleuroneetes,  565. 

PUuroneetidcB,  606. 

Pliohippus,  779. 

Pliopitheetu,  863. 

Plotactis,  181. 

P2oCtM,  689. 

Ploughshare-bone,  666. 

Plovcre,  694. 

Plumaster,  236. 

Plumularia,  145. 

Pluteus,  228. 

PlyctolophidcB,  709. 

Pneumatic  filaments  ot  Phytophoridee,  157. 

Pneumatocyst,  156. 

Pneumatopbore,  156. 

Pn«uwod«nm)n,  478. 

Pn^uniofiopAora  (JEfo2otAuroideaX  266, 
258. 

Pochard,  690. 

PoeUlopora,  187, 189. 

PodarguSy  70S. 

Pwlicepa,  687. 

Podicivitidce,  687. 

Podophryct,  101. 

Podophthalmate  Crnstaceans,  356. 

Podosomata,  370. 

PodurcB,  393.  405. 

Po*ibroth*trium,  792. 

Paecilasma^  831. 

Poe.phaga  {MarttqnaUa),  740. 

Pofphagtis,  800. 

Polecat,  826. 

Polian  vesicles,  226. 

Poliates,  54. 

Polyarthra,  293. 

Polychaeta,  characters  of,  309. 

PolyeystitM,  91,  92. 

Polydesmtis,  386. 

Polygastric  Animalcules  of  Ehrenberg,  99. 

Polygordius,  310. 

Polynoe,  311,  315. 

Polyodon,  569,  571,  572. 

Polypary,  130. 

Polyi>e,  176. 

Polypide,  425. 

Polypidom,  130. 

Polypite,  129. 

Polyplacophora,  475. 

Polyplectron,  695. 

Polyprotodontia,  739,  743. 

Poiyptenu,  568,  569,  570.  671,  672. 

PolyHtome  Ir^fusoriOf  101. 

PolystomeUa^  85,  87. 

Pulythalamous  Foraminifgrat  89L 

Polytremacis,  205. 

Poltfzoa,  characters  of,  424 ;  typical  poly- 
pide of,  426 :  cells  of,  428 ;  lophophore 
of,  430  ;  endosarc  of,  431;  reproduction 
of,  432;  groups  of,  438;  distribution  of, 
in  space  and  time,  434. 

Polyzoarium,  425. 

Pond-snails.  474. 

Pontaruchna,  374. 

Pcmtvbdella,  303,  806. 
Pontoporeiaf  766. 
Porbengle.  578. 
Porcellanaj  862. 
Porcellanous  shells,  440. 
Porcupine,  842. 
PcTCxu,  785. 
Pores  of  Sponges,  110. 


Porifera,  characters  of,  107;   daasiflca- 

tion  of,  115. 
Pontidct,  189, 190. 
PorpUa,  156. 
Porpoise,  765. 
Port  Jackson  Shark,  677. 
Portuguese  Man-of-war,  152, 168. 
Portunus.  364. 
PotatnocMenu,  785. 
PotamogaU,  851,  865. 
PotamoaaUdcB,  855. 
Pouched  Marmots,  88S. 
Pouched  Rats,  840. 
Poulpe,  490. 
Prairie-dog,  8^8. 
Pratincole,  6M. 
Prawn,  859. 
Praya,  154,  155. 
Preubytia,  867. 
Prettwiekiat  351. 
Priapuiut,  298. 
Primates,  characters  of,  858,  869;  diri- 

sions  of,  859. 
Primnoa,  197. 
PriodonUSy  754. 
PristidcB,  579. 
Priatit,  579. 
Proboaeidea,  characters   of,  807;    living 

types  of,  810;  extinct  types  of,  811,  812. 
Proboscis  Monkey,  867. 
ProcellaridcBy  687. 
Proehtltu,  822. 
Procoelian  Crocodiles,  641. 
Procyon,  823. 
Proeyonid<K,  823. 
Produetida,  441,  442. 
Proglottis,  266,  267 ;  stmctnre  of,  268. 
Prologs,  416. 
Prong-buck,  797,  798. 
Propodium,  463. 
pTopora^  205. 
ProTnttovius,  759. 
Proscolex,  271. 
Progitniiy  859. 
Protobranehiata,  470. 
Prostominm,  of  Planarians,  279 ;  of  Anne- 

lides,  299 ;  of  Karth-worm,  806. 
Protaitueba,  72. 
Prot<ntter,  239. 
Proteleg,  831. 
Protelida,  831. 
ProteoUwMy  336. 
ProteroglogMa,  602,  604. 
Proteroglypha,  627. 
Proterosauriaf  631,  634. 
ProteroMurtts,  634. 
Proteus,  508. 
Proteus-animalcule,  73. 
Prothorax,  892. 
Protococewtf  20. 
Protogenes,  72. 
Protohydra,  132. 
ProtoZo^a,  791. 
Protomyxa,  73. 
Protoplasm,  8,  0. 
Protopodite,  323. 
Protopterus,  670,  681,  683,  68S. 
Protozoa,  24 ;  genend  ehanctan  of,  66 ; 

classification  of,  68. 
Proventriculns  of  Birds,  667. 
Protrachenta,  889. 
Pseudembiyo  of  Echlnodonns,  217. 
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Pseudobranchia,  647. 
PseudoehlamySt  77. 
Fseudohsemal  system  of  Annelides,  800; 

of  Leech,  306 ;  of  Earth-worm,  308. 
Pseudoheartfl  of  Brctchiopoda,  430. 
PseudonayicellsB,  71. 
Pseudopodla,  9, 14,  68,  72,  76,  78,  80. 
Pseudopus,  632. 
Pseudoscorpumida,  376. 
PseudoneuropUra,  410. 
PsUtaci,  708. 
PsittacidcB,  709. 
Psittacus,  709. 
Psoliu,  264,  267,  269. 
Psorospermice,  71. 
Ptarmigan,  695. 
Pteranodon,  648. 
Pteraspi^,  671. 
PUrichthys,  571. 
PUroclidce,  696. 
PterodaetyluSf  648. 
Pteromys,  838. 
Pteronarcysy  397. 
Pteropoda,  449;    general   characters   of, 

477 ;  orders  of,  479 ;  dlstribntion  of;  in 

time,  4S0. 
Pteropodidee,  847,  848. 
Pteropus,  848. 
Pterosauria^  646. 
Pterygotus,  362. 
Ptilocercus,  867. 
Ptilodietyay  434. 
PtilograptuSy  167,  168. 
Ptilopora,  434. 
Ptvchocera*,  497,  600. 
Puflf-adder,  626, 
Puffin,  687. 
Pui^x.  412. 
Pulicidce,  412. 
PiUmogctstropoda,  470,  478. 
Pulmonate  Gastropods,  473. 
Pulmonifera,  470. 
PiiZmotrocAeana,  880. 
Puma,  834. 
Pupa,  399,  400. 
Pupa,  476. 
Pupipara,  414. 
Purples  of  wheat,  289. 
PutoritLs,  826. 
Pycnogonida,  370. 
Pyenogonum,  871. 
Pygidium  of  Trilobites,  848. 
PyraUdce,  417. 
Pyramidellidatt  471. 
Pyrgia,  190. 
Pyfyita,  708. 
Pyrogoma,  610,  611. 
Pyrrhula,  703. 
Pylhtm,  622,  623,  629. 
PythonidcB,  629. 

Quadrate  bone,  622. 
Quodru/a,  77. 
Qtuzdrumana,  869. 

Qu«r9«(Iu2a,  690. 

Rabbit.  844. 

Racoon,  823. 

Radiata,  124. 

i^adiotoWa,  68 ;  chuacten  of,  89. 


Radnla,  467. 

itaia,  679. 

RaiidcB,  679. 

RaiU  693. 

Jtalltu,  698. 

itoTMi,  608. 

itanuto,  608. 

Raptor 68,  686;  characters  of,  710;  groups 

of,  711. 
Rasores,  686,  604. 
Rat.  840. 
Ratel.  824. 

RatitoB,  676 ;  characters  of,  680. 
Rattlesnake,  636. 
Raven,  701. 
Rays,  678,  679. 
Razor-bill,  687. 
Razor-shells,  46L 
Red  Coral,  201. 
Red-deer,  796. 

Redshank.  694. 

Redstart,  702. 

Refffium  Protwtieum,  19. 

Regular  Echinoids,  828. 

RegtUtu,  702. 

Reindeer,  796. 

ReniUa,  201. 

Reproduction,  general  phenomena  of.  46 ; 
sexual,  46 ;  non-sexual,  47. 

Reptilia,  530,  531 ;  general  characters  of, 
607;  circulatory  organs  of,  609;  orders 
of.  613. 

Respiratory  tree  of  Holothurians,  266. 

Respiratory  tubes  of  Rotifera,  292. 

Reticularia,  78.  86. 

Reversed  shells,  467- 

Rhabdocoel  Flanarians,  280. 

Rhdbdonema,  289. 

Rhabdophora,  166. 

Rhabdopleura.  429,  431,  433. 

Rhamphastidee,  707. 

RhamphorhynehuSf  647,  648. 

Rhea,  682. 

Rheidce,  682. 

Rhinay  578. 

Rhinatrema,  697. 

RhinidcB,  57«. 

RhijMbatidce,  579. 

Rhinobatis,  579. 

Rhinoceros,  770,  771,  772. 

Rhinoeerotidm,  770. 

Rhinod/m,  578. 

RhinodorUidoe,  578. 

Rhinolophidoe,  849. 

RhiTiolopkwt,  849. 

itAtnopAryniM,  602,  604. 

Rhipidogorgia,  202. 

Rhvsoeephala,  333 ;  characters  of,  836. 

iiAizomntM,  246,  250. 

Rhizophaga  (Maritupialia\  739. 

Rhizopoda,  63 ;  characters  of,- 72. 

^tzo«<o?na.  164. 

iSAizofCotiusea,  160, 161. 

Rhodope,  472. 

i^AomStM,  566. 

Rhopalocera,  416. 

Rhynchohdellidoi,  306. 

Rhynchocephalia,  637,  646. 

JRAt/nc/u>c«a'.  767. 

Rhynehonella,  442. 

iiAyncAoTM^^dto,  437,  441,  442. 

i{AyncAoj>Aora,  423. 
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Rhynehoaaurtu,  dSS,  645. 

Bkynchota,  405. 

JUiiftifMy  759. 

Jthyzcena,  SSL 

Ribbon-worms,  280. 

Right  Whale,  762. 

RiDged  Snake,  629. 

River-snails,  472. 

Roach,  664. 

Robin,  702;  (American),  702. 

Rolmlina,  8S. 

Rock-kangaroo,  741. 

Rock-slater,  356. 

Rock-snakes,  629. 

Roebnck,  705. 

Rodentia,    general    character*    of,   835; 

groups  of,  887  ;  distribution  of,  in  space 

and  time,  837. 
Rook,  701. 
Rorqual,  764. 
Rot  of  Sheep.  276. 
Jiotalia,  84,  85. 
Rotalido!,  85. 
Rotatoria  (see  Rot\ferd). 
Rot\ferai.2(i5 ;  characters  of,  289;  digestive 

system)  of,  291 :  reproduction  of,  292. 
Round-worms,  285. 
Rucervu*,  794. 
Ruff,  694. 
Rugoaa,  177 ;  characters  of,  194 ;  aflBnities 

of,  192 ;  distribution  of,  in  time,  197. 
RuminantiOt    768 ;    characters   of,    786 ; 

stomach    of,    787;    dentition   of,    789; 

families  of,  790. 
Rupieapra,  798. 
Riua,  794. 
Rutieilla,  702. 

Sabella,  812. 

Sabellaria,  312. 

SabellidOB,  313. 

Sable,  820. 

Saccammina,  88. 

Saccosoma,  251. 

Sacculina,  336. 

Sacred  Ibis,  692. 

Scentiridce,  306. 

SagUta,  315,  316. 

Saki.  865. 

Salamanders,  598,  609. 

Salamandra,  599. 

Salmo,  564. 

Salmon,  564. 

Salmonidir,  564. 

Salpa,  504.  608,  510,  511. 

Band-crab,  353. 

Sand-grouse,  696. 

Sand-hopper,  354. 

Sand-lizard,  634. 

Sand-martin,  703. 

Sand-piper,  694. 

Band  stars,  236. 

Sand-wonns,  801. 

San{Tui*uga,  304. 

Sap'ajou,  StH. 

Barcode,  67. 

Sarcodictyon,  199. 

Sarcodina,  72. 

Sareopknga  {Marsupialia\  745. 

Sarcophyton,  199. 

Sarco]»gjflla,  412. 

Sarcoptesy  374. 


Swreorhamf^'ut,  713. 

Sauranodofit  643. 

SaurUl\i9,  632. 

Sauroptida,  531,  607. 

Sauropterygia^  643. 

SauromUhea^  676,  677. 

5aurur«B,  677. 

Saw-fish.  679. 

Saw-flies,  418. 

Saxieola,  70S. 

Bcale-insects,  407. 

Scallop,  460. 

Sealops,  854. 

Sealpellum,  336. 

iScarwoTM,  685. 

Scaphirhynehutf  571,  572. 

Scaphognathite,  826. 

Scaphopoda,  477. 

Scaup-duck,  690. 

Sehimgnathcp,  659. 

Sekizapoda,  330;  chtmden  of,  857. 

SeincidoB,  633. 

8eineu»,  633. 

SciuridcSf  881. 

Sciuromorphat  887. 

Seiuropterus,  838. 

SciuruSf  837. 

Sclerenchyma,  188. 

Sclerites,  202. 

Sclerobakca  (Zoantharia\  181. 

Sclerobasic  coralla,  182,  183. 

Selerodermata  (ZoanUuuria),  182 :  gxoau 

of,  189. 
Sclerodermic  coralla,  183. 
SeleroBtonta,  287. 
Scoleeida,  263;  characters  of,  265. 
Scolex,  271. 
Seolopacidc^  693. 
5co&^Hix,  694. 
.Sco^wndra,  386. 
iSbomoer,  566. 
Scomberidce^  566. 
Scorpiodea,  377. 
Scorpion,  370,  377,  878,  879. 
Scorpion-flies,  410. 
Scoter-duck,  690. 
Screamer,  690. 
Seutigera,  384. 
Seyllarida,  321. 
Seyllidae,  578. 
Scyllium,  578. 
Scyphistoma,  164. 
Scyphomedusa,  159. 
Scythropgy  705. 
Sea-anemones,  177, 180, 181. 
Sea-bream,  566. 
Sea-centipedes,  316. 
Sea-cows,  758. 
Sea-cucumbers,  254. 
Sea-firs,  143. 
Sea-hares,  472. 
Sea-horses,  567. 
Sea-lemons,  472. 
Sea-lions,  818. 
Sea-mouse,  316. 
Sea-otter,  824. 
Sea-pens,  199. 
Sea-shrubs,  201. 
Sea-slugs,  472. 
Sea-spiders,  371. 
Sea-trout,  664. 
Seals,  816,  818. 
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Secretaiy  Bird,  718. 

S^mental  organs,  of  Annelides,  SOO;  of 
juirudinea.  302;    of  Medicinal  Leech, 
805 ;    of  OligoehcBta.  807  ;    of  Earth- 
worm, SOO ;  of  Polycluetoiia  AnnelidcB, 
811. 
Selache.  678. 
Selaehn,  577. 
Selenaria,  427. 
Selenodantia,  781.  788. 
SemnopUheeidoB,  898,  887. 
SemnopUhecus,  867. 
Sepia,  498. 
Sepiadce,  490,  500. 
Sepiola,  408. 
SepioflUire,  487. 
Septa,  of  Corala,  185 ;  of  the  shell  of  Tetra- 

branchiate  Cephalopoda,  496. 
Serpentarius,  713. 
SerptUa,  312. 
Serranidcp,  529. 

Sertularida,    142;     characters   of,    143; 
.polypitea  of,  144 ;  reproduction  of,  145. 
Sexual  selection,  48. 
Sharks,  577,  678. 
Sbeat-flshes,  664. 
Sheep,  798,  790. 
Sheep-ticks,  415. 
Sheldrake.  690. 

Shell,  of  MoUwtea,  448,  449 ;  of  LavMlli- 
bratichiata,  451 ;   of  Oastropoda,  468  ; 
ot  Polyplacophora,  416 :  of  Scaphopoda, 
477;    of  Pleropodn,  470;   of  Cephalo- 
poda, 487  ;    of  female  Argonaut,   488, 
489 ;  of  Spirula,  492 ;  of  Pearly  Nau- 
tilus, 492  ;  of  TetrabranchicUa,  496 ;  of 
Brachiopoda,  4S6. 
Sheltopuslk,  632. 
Ship-worm,  461. 
Shore-crab,  864. 
Shore-hopper,  864. 
Shoveller,  690. 
Shrew-mice,  852. 
Shrew-mole,  854. 
Shrike,  702. 
Shrimp,  300. 
Sialidce,  410. 
Siamang,  869. 
Sicula  of  Oraptolites,  167. 
Sieboldiay  5»«J. 
Siluridoi,  564. 
SUurus,  504. 
Simia,  869. 
Simioidea,  859,  863. 
Simomurus,  044. 

Simplicideiitate  Rodents,  836,  887. 
Sinupallialia  {Lamellibranehiata),   456, 

461. 
Siphonida  (Lamellibranchiata),  460. 
Siphonodentalium,  477. 
Siphanophora,  182 ;  general  characters  of, 

152. 
Siphonopa,  697. 
Siphonoistomata  (Ocutropoda),   466,  471, 

475. 
Siphons  of  Lamtllibra'nchi€Ua,  461,  459 ; 

of  Gastropoda,  468,  471. 
Siphoncle  of  the  sheU  of  NautUus,  494. 
Sxpunculoidea,  296. 
Siputumlus,  297,  298. 
Siredon,  6u0. 
Siren,  698. 


Sirenia,  716,  7S3,  726 ;  general  characters 

of,  755 ;  distribution  of,  in  time,  769. 
Sirex,  418. 
SirieidcB,  418. 
Siskin,  708. 
Sitta,  702. 
Sivatherium,  800. 
Skates,  579. 
Skink,  633. 
Skunk,  824. 
Skylark,  704. 
Slaters,  855,  856. 
Sloth,  748,  749,  760. 
Sloth-animalcules,  878. 
Slow  Lemurs,  862. 
Slow-worm,  638. 
Slugs,  473.  474. 
Smelt,  664. 
Smooth  Snake,  629. 
Smynthunu,  406. 
Snails,  473,  474. 
Snake-birds,  689. 
Snakes,  620. 
Snapping-tortle,  619. 
Snipe,  694. 
Soft  Tortoises,  619. 
Solan-goose,  689. 
Solanoerintu,  251. 
SolasUr,  231,  235. 
Sole,  666. 
Solea,  665. 
SoUnida,  461. 
Solenodon,  862,  856. 
Soletioglypha,  624. 
Solenostoma,  667. 
SolidungtUa,  776. 
Solitaire,  690. 
Solpugidea,  376. 

Somateria,  690. 

Somatocyst,  163. 

Somite,  818. 

Sorex,  852. 

Soricidof,  852. 
Spalacidce,  841. 

Spalaxy  841. 

Sparida,  5*')6. 

Sparrows,  703. 

Spatangidce,  228. 

Spatula,  690. 

Spatularia,  572. 

Species,  definition  of,  85;   origin  of,  39 
et  seq. 

Spectacled  Bear,  822. 

Spectacled  Snake,  627. 

Spengel's  Organ,  469. 

Speriiiatophores  of  CephaloiMds,  486. 

Spermophiliu,  838. 

Sperm-whale,  764. 

Sphieridia,  222. 

Sphctrogastra,  880. 

Sphwroma,  356. 

SphcBrozoum,  92. 

SpkcertUaria,  284. 

Sphagodut,  576. 

SphargiSt  619. 

Spkeniscidce,  685. 

Sphenigeus,  686. 

Sphetiodon,  630,  637,  688,  646. 

Sphingida,  417. 

Sphingurut,  842. 

Spicula,  of  Sponges,  113, 117, 118. 119, 120, 
122;  of  Ateyonium,  199;  of  Tubipcra, 
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199 ;  of  CoraUiunit  201 ;  of  GmrgimidcB, 
202. 

Spider-crabs,  364. 

Spider-mites,  874. 

Spider-monkey,  864. 

Spiders,  366,  367,  370;  chancters  of,  880 ; 
web  of.  382. 

Spinaeida,  678. 

Spinnerets,  of  Spiders,  881;  of  Cater- 
pillars, 895,  416. 

Spiriferidm,  441,  442. 

Spirorbis,  312,  313. 

%nrula,  487,  492,  498. 

^indido},  492. 

Sponge-cells,  108. 

Sponges,  characters  of,  107;  histological 
elements  of,  109 ;  canal  system  of,  110 ; 
skeleton  of,  IIS ;  reproduction  and  de- 
velopment of,  113-115 ;  dassiflcation  of, 
115 ;  gronps  of.  116. 

SponffiUa,  114, 118. 

Spoon-bUl,  691,  692. 

Spoon-worms,  296. 

Sporosac  of  Hydroid  Zoophytes,  185. 

Spring-taUs,  404. 

Squalodon^  767. 

Squalodontid€By  766. 

Squamata  (Reptilia),  608. 

Squid,  490. 

SquOla.  357. 
-Squirrel,  83a 

Squirrel  Monkey,  864. 

Staggers  of  Sheep,  274. 

StagonoUpit,  640. 

Stapkylinida,  423. 

Starlings,  703. 

Star-nosed  Mole,  854. 

SUtoblasts  of  Poly zoa,  432. 

Stauria,  195. 

StauHdce^  197. 

Stauridia,  189. 

Steatomitf  706. 

Steganophthalmate  Medusae,  161. 

StegaTkopodeSf  688. 

Stegocepkala,  604. 

Stellerida  (see  Aitercidea). 

Stellio,  636. 

Stem-muscle  of  VortieeUa,  100. 

SUnoiter,  236. 

Steneofiber,  837. 

Steneo$aunu,  640. 

SUnops,  862,  863. 

StetwstojYuUa  (Ctetwphora),  200. 

StetUor,  100,  lOl. 

Stephanoeeros,  290,  298. 

Stepkanoseyphiu,  148. 

StereogruUhuffy  731. 

SUrnatpi*,  298. 

Sternum,  of  the  somite  of  Crustaceans, 
322;  of  Mammals,  718. 

Stick-insects.  409. 

Sting-rays,  579. 

Stock-dove,  698. 

Stolons,  of  Foraminiferaj  82 ;  of  social 
Ascidians,  510. 

Stomatopoda,  330 ;  characters  of,  857. 

Stone-chat,  702. 

Stone-flies,  410. 

Stork,  691. 

Strepsilaa,  694. 

StrepHptera,  392;  characters  of,  420. 

Strigea,  711. 


Strigida,  712. 

StrigopidoB,  710. 

Stngopi,  710. 

Strix,  712. 

Strobila,  of  AureUa,  164 ;  of  Tteniada, 

267. 
StromatoporOf  173. 
Stromatoporoidectt    182;    characters    of, 

172. 
StrotnbidcR,  462.  471. 
Strophotnenidm,  441,  442. 
Strvthio,  681. 
StrutkioMH,  681. 
StruthianidcR^  681. 
Sturdy  of  Sheep,  274. 
Sturgeon,  568,  569,  570,  671. 
SturnidcB,  708. 
Stumua,  703. 
Styela,  510. 
StylasUr,  172. 
StylasUrida,  171. 
StylitvodontidcB,  803. 
Styliola,  480. 
Stylops,  421. 
Subbraehiata,  565. 
Sub-kingdoms,  34. 
Sucking-flHhes,  566. 
Suetoria  (lr\ftuoria),  101. 
Suida,  783. 
Su2a,  689. 

Sun-animalcule,  03. 
Sun-bear,  822. 
Sun-birds,  703. 
Suricate,  831. 
Surinam  Toad,  602. 
Sus,  783,  785. 
Swallow.  703. 
Swan,  690. 
Swifts,  708. 

Swim-bladder  of  Fishes,  551. 
Swimmerets  of  Lobster,  827. 
Swimming- bells    of  Oceanic  Hydnaoa, 

151. 
SyconeSt  123. 
SyUis,  814. 
Sylvia,  702. 
Sylviidm,  709. 
SymborodoUf  775. 
Sympodium,  199. 
Synapticulse.  186. 
^napt<u  258. 
Synaptidtx,  257. 
SyngnathidcB,  567. 
Synthetic  types,  62. 
Syrinx,  673. 
Symium,  712. 

TabanidcB,  415. 

Tabulffi  of  Corals,  186. 

Tabulata,  186, 190. 

Tabulate  Corals,  186. 

TachygloMtw,  736. 

Taehypetea,  689. 

Todama,  690. 

Tadpole,  593.  594. 

Tmnia,  272,  278,  274. 

T(eniadu,  characters  of,  S65,  206;  aiu- 

tomy  of,  267-269  ;  development  of,  269- 

272:  types  of,  272-274. 
TalilruB,  354. 
Talpa,  854. 
Talpidce,  853. 
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Tanmndua^  751. 
Tamias,  838. 
Tanager,  703. 

Tanagridce,  70S. 
Tanais,  8&d,  857. 

Tanrec,  655. 
Tantaltu,  691. 

Tape- worms,  265  et  uq. 

Tapir,  773. 

Tapirxdm^  773. 

Tapiras,  773,  774. 

Tardiarada^  373. 

TanildcB,  860,  861. 

Tarsipea,  737,  743. 

Tarsitis,  861. 

Taxidea,  824. 

Teal,  690. 

Tec^t6raneAtata,  472. 

Teguexin,  634. 

Teleodactyla,  770. 

TeUo8auru8,  640. 

TeUoatei,  654;  characters  of,  560;  sub- 
orders of,  663. 

Telephonu,  422. 

Telerpeton^  632. 

Tellinidce,  461. 

Telson,  of  Cnutaeea,  821;  of  Lobster, 
327  ;  of  Scorpion,  378. 

Tejiebrionida,  422. 

Tenrec,  855. 

Tentacles,  of  CcRlenterata,  126 ;  of  Hj/dra, 
133 ;  of  Tubularia,  141 ;  of  Trachymedu- 
sa,  149,  151 :  of  CalyeophoridcB,  153 ; 
of  Physopkoridce,  168 ;  of  ^cfmidee, 
178 ;  of  ^  IcyonariOf  197  ;  of  Pleuro- 
braehia,  207;  of  Holotkuroidea,  264 
of  Polyzoa,  430 ;  of  Cattle-flahes.  482 
oT  Nautilus,  495;  of  Timicates,  606. 

Tentaeuliteg,  480. 

Tenthredinidce,  418. 

Tenuirostral  Perchers,  701. 

Terebella,  312.  313. 

Terebrantia  (H  f/menoptera)^  418. 

Terebratula,  438. 

Terebratxdidce,  441,  442. 

JT^re&roiuWna,  440. 

Teredo,  461. 

Tergum  of  the  somite  of  Cnutaceaf  322. 

Tern,  687. 

Terrieola,  806. 

Termites,  communities  of,  410. 

TermitiddB.  410. 

Terrapin,  619. 

Test,  of  Foramin^/'era.  79;  of  Echinoids, 
219  e<  8«9. ;  of  Tunicates,  504. 

TeMudinid^,  620. 

Tentudo,  620. 

T«f  rodrancAiato  (Cephalopoda),  489 ; 
characters  of,  493;  shell  of,  496;  dis- 
tribution of,  in  time,  499. 

TetraetiiMllidce,  118. 

TietrckZecapoda,  352. 

T0tra7n«ra  (CoUoptera),  422. 

Tetrao,  695. 

TetraonidcB,  695. 

Tetrapneumones,  381. 

Tetrcutemnia,  280,  281. 

Teuthidce,  490,  600. 

Textularioy  83,  86. 

Tieai^ularuto,  86. 

Thalamophora,  77. 

27ia{a«aaraoAfui,  374. 


TAalMMiretoff,  822. 

ThalasgieoUa,  92. 

Thalaggicollida,  92. 

Thalassolampe,  62. 

TAauman^tM,  187. 

TAeca,  480. 

Theca  of  sclerodermic  corallum,  184. 

TA«capAora,  142. 

Tkecidiidat,  441.  442. 

Theconudusce,  148. 

Thecosomata,  478,  479. 

Thelyphonw,  379. 

Theriodontia,  645. 

Thick-knee,  694. 

Thomomyi,  841. 

Thoracica  (Cirripedia),  833. 

Thoracipoaa,  352. 

Thornback  Ray^579. 

Thorn-headed  Worms,  288. 

Thorny  Clams,  461. 

Thread-cells,  127. 

Thread-worms,  285,  287. 

7'Anp«.  408. 

Thrushes,  702. 

Thylacintis,  746. 

Thylacoleo,  747. 

Thynnxu,  566. 

Thysanoptera,  408. 

Thysanura,  405. 

Tiareehinug,  229. 

Ticks,  873,  374. 

Tic-polonga,  626. 

Tfger,  834. 

Tiger-beetle,  423. 

Tillodontia,  802. 

Tillotheridee,  803.. 

Tillotherium,  803. 

Tinamidce,  685. 

Tinamomorphce,  659. 

Tinamou,  685. 

Tineido!,  417. 

TitiocerflW,  802. 

Tinoportw,  83. 

Tipulidce,  413,  416. 

Tissues.  17. 

riYano<A«riu7»^  776 

Titmice,  702. 

Toads,  603. 

Todidce,  706. 

Tolypeuteg,  754. 

Towwfowia,  642. 

Tomop<€rw,  315. 

Tongue,  of  Insects,  894 ;  of  Snakes,  623 ; 

of  Lizards,  631 ;  of  Birds,  667. 
Tooth-shells,  477. 
Top-shells,  472. 
Tornaria,  282. 
Tomatellidce,  472. 
Torped ida,  579. 
Torpedo,  579. 
Tortoise  Encrlnite,  261. 
Tortoises,  620. 
Tortrieidce,  417. 
Tortrix,  623,  629. 
TofantM,  694. 
TolipalmatcB,  688. 
Toucan,  707. 
Toxicophis,  627. 
Toxoceras,  497,  408. 
Toak)don,  806. 
Toxodontia,  804. 
2'Qa;opneu«e««.  229. 
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Trachett,  of  Araehnida,  869 ;   of  Myrio- 

poda,  828;  of  Peripatw,  888;  of  In- 

secU,  896. 
Tracheal  gills,  897. 
Tracheal  vesicles,  897. 
Tracheliattea,  841. 

Trachymeduta,  183 ;  characterB  of,  148. 
TraehvTieinidog,  152. 
Tragulidce,  792. 
Tro^iM,  792. 
Tree-orabs,  862. 
Tree-frogs,  608. 
Tree-kangaroos,  741. 
Treinarctoey  822. 
Trematoda,   265;   general  characters  of, 

275 ;  types  of,  276-278. 
TrenioetopuSf  486. 
Treron,  698. 

TretenUrata  (Braehiopoda\  440. 
TriartAra,  293. 
Trieheehida,  819. 
Triehechus,  819. 
Triehina,  288. 
Tricftoeepkalus^  286,  287. 
TrichocTsUi,  98. 
Triehodeeteji,  404. 
TriehoglosBidoB,  710. 
2hrichogli>8stis,  710. 
Trichoptera,  410. 
Tricojiodon,  747. 
2VWocni(to,  461. 
Triflito,  666. 
TrimmiadcB,  460. 
5f'n|r>frtta,  329,  888;   characters  of,  846; 

structure  of  the  crust  of,  847. 
Triinera  {Coleoptera)^  422. 
TritnereUidce,  441. 
Trimeresttnu,  627. 
2Vtn<?a.  094. 
TrionycidcBy  619. 
Trionyx,  619. 
Trtton  (Amphibia),  699. 
Trie&moda;,  472. 
TrocAammiiia,  86. 
TVocAiJicto,  708. 
Troehocexfu,  497. 
Troglodytes  '(Avea),    702 ;    (JfammaJia), 

Trogon,  707. 

Trogonida,  707. 

Trogonoidece,  707. 

Trombididce,  374,  375. 

Trombidium,  375. 

Trophi  of  Insects,  898. 

TrophoBome  of  Hydrozoa,  130. 

Tropic  Birds,  68tf. 

Tropidonottijs,  629. 

Trough-shells,  461. 

Trout,  564. 

Tmnk-flshes,  506. 

Trygon,  579. 

Tnjgonidce,  579. 

Tuatara  Liaird,  637. 

Tube-feet  of  Echinoderms,  217 ;  of  Echfn- 

olds,  225  :  of  Asteroids,  233 ;  of  Ophiu- 

roids,  237  :   of  Crinoids,  243  ;  of  Holo- 

thuroids,  256. 
Tttbicola  (Annelida),  characters  of,  811; 

tube  of,  312;  distribution  of,  in  time, 

313. 
TuhifeXf  309. 
Tubipora,  199. 


Tubiporidce,  199. 

Tubulariaf  184, 187 ;  characters  of,  141. 

Tulmlota,  189, 190. 

2\inuxUa,  424;  characters  of,  508;  bran- 
chial sac  of,  506;  deTelopment  of,  508: 
typett  of,  510;  distribution  of,  in  space. 

Tunny,  566. 

Tupaia,  857. 

TupaUdcg,  857. 

Turbellaria,   265;    characters    of,   278; 

divisions  of,  279. 
Turbinated  shell  of  Oastropodti,  465. 
Turbinid(B,  472. 
TwrbinolidoB,  189. 
Turbot,  565. 
Turdidas,  702. 
Turdw,  702. 
Turkey,  695. 
Tumiddoi,  696. 
Turnstone,  694. 
Turrilifpast  835. 
TurrilUes,  497,  500. 
TurriUllidte,  471. 
Turtle-dove,  698. 
TurUes,  618. 
Turtur,  698. 
Tylodon,  816. 
Tylopoda,  790. 
Type,  morphological,  26. 
Typhlopg,  629. 
Tyrannidce,  704. 
Tyroglyt^hidrr,  874. 
Tyrogljfphus,  874. 

Uintatheriuniy  808. 

Umbilicus  of  the  sheU  of  Gastropoda,  465. 

Umbo  of  the  shell  of  LAniellibrmnchs,  452. 

Umbrella  of  Lucemarida,  159, 16J. 

Unau,  750. 

Ungxdata,  characters  of,  768;  divlsiona  of, 

769. 
rrntonute,  460. 
Univalve  shells,  463,  464. 
Upupa,  706. 
ifpxipidm,  706. 
if  raster,  231,  235. 
ITria,  687. 
UmaUUa,  481,  433. 
Urodela,  characters  of,  597;    types  of, 

598. 
Uropeltis,  629. 
i^rotridius,  858. 
Ursidoi,  820. 
Ursvis,  822. 
Urus,  800. 

Vacuoles,  of  Prototoat  67,  76;    of  /»- 

yxisoria,  99. 
V(Minieola,  101. 
TaUtfria,  483. 
Valvata,  475. 
ra/tnih'mr,  86. 
Vampire-bat,  851. 
Vanellwi,  694. 
Taranicto,  634. 
Varanus,  634. 
rawcAana,  20. 
Veil  of  medusifomi  gonophorea,  137;  of 

nectocalyces,  155;   of  Traehymtdutce, 

150 
VeUsUa,  156, 157,  158. 
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Veliger  of  MoUutea,  i47. 

VeneridcB,  461. 

Venus'8  Flower-basket,  120. 

Venns's  Girdle,  209. 

VeretiUum,  200,  201. 

Verme^t  264. 

Vermettu,  464. 

Vermilinguiaf  687. 

Verruca,  334. 

Frnn^rute,  884. 

Vertebra,  structare  of,  619. 

^ertebrata,  general  characters  of,  513; 
development  of,  514,  516;  exoskeleton 
of,  529  :  skeleton  of,  618;  limbs  of,  522; 
digestive  system  of,  624 ;  blood  of,  526 ; 
respiratory  system  of,  527;  nervous 
system  of,  628;  reproduction  of,  529; 
divisions  of.  530,  581. 

Vesicle,  contractile,  of  Protozoa,  67;  of 
Amceba,  74;  of  PammoMium,  99. 

Vegieularia,  483. 

Veapertdionidce,  849. 

Vespentgo,  850. 

Ve^ndcB,  410. 

Vibracuia  of  Polyzoa,  428. 

Vipera,  626. 

Viperidce,  626. 

Viiigula  of  Graptolites,  167. 

Virgularia,  200. 

Viscaclia,  843. 

Visceral  arches  of  the  embryo  of  Verte- 
brates, 516. 

Viverra,  830. 

ViverricUe,  829. 

Viviparous  Blenny,  566. 

Viviparous  Liiard,  634. 

Vole,  840. 

VohUidcB,  471. 

VolvoeidcBy  102. 

Volvoz,  20. 

Vorticelkif  97;  structure  of,  100;  repro- 
duction of,  101. 

V&rticlava,  134. 

Vulpes,  829. 

Vulture,  713. 

Vulturidce,  703. 

Wagtails,  713. 

Wah,  823. 

Waldheimia,  487. 

Walking-leaves,  409. 

Walrus,  819,  820. 

Wanderoo,  866. 

Warblers,  702. 

Wart-hog,  785. 

Wasps,  419. 

Water-beetles,  423. 

Water-deer,  796. 

Water-fleas,  838. 

Water-hen,  693. 

Water-mites,  374. 

Water-mocassin  Snake,  627. 

Water-rat,  840. 

Water-scorpion,  407. 

Water- vascular  system  of  Echinodermata, 

217  ;  of  Seoleeida,  265;  of  Tcenia,  268  ; 

of  Tretnatoda,  275;  of  Dutoma,   276; 

of  Turbellaria,  278 ;  of  AcanthoeephcUa, 


283;  of  Nematoda,  285;  of  Rotifera, 

292. 
Water-worms,  306. 
Weasel,  825.  826. 
Weevils,  422. 

Whalebone  Whales,  761,  762,  768, 764. 
Whale-louse,  354. 
Whales,  759,  761. 
Wheel-animalcules,  289. 
Whelk,  471. 
Whip-poor-Will,  705. 
Whistler,  838. 
White  Ants,  410. 
Whiting,  565. 
Widgeon,  690. 
Wild  Boar,  785. 
Wing-shells,  471. 
Wire-worms,  422. 
Wolf,  828,  829. 
Wolf-fish,  566. 
Wolverene,  826. 
Wombat,  739,  740. 
Wood-chuck,  838. 
Woodcock,  694. 
Wood  Ibises,  691. 
Wood-lice,  356. 
Woodpeckers,  707. 
Wood-pigeon,  698. 
Wrasse,  566. 

Wren,  702 ;  gold-crested,  702. 
Wry-neck,  707. 

Xenia,  199. 

Xiphiag,  566. 

Xiphiidce,  566. 

Xiphosura,  329;  characters  of,  849. 

Yak,  721. 
Yapock,  745. 
YuTiXy  707. 

ZaphreiUidce,  196. 

ZapuSj  842. 

Zebra,  778. 

Zebu.  800. 

Zeuglodon,  767,  768.  * 

ZeugU)dontid(B,  767. 

Ziphioid  Whales,  767,  768. 

Ziphiug,  767. 

Zoantharia,  characters  of,  177;  Malaco- 
dennata,  177  ;  distribution  of,  in  space, 
181;  Sclerobagica,  181;  SelerodenruUa, 
182;  groups  of,  189 ;  distribution  of,  in 
space,  190 ;  distribution  of,  in  time,  103. 

Zoanthidce,  181. 

Zoanthus,  181. 

Zoarceg,  566. 

Zoea,  359. 

Zoniteg,  475. 

Zonuridce,  632. 

Zonurus,  632. 

Zocecium  of  Polyzoa,  425,  428. 

Zoold,  48. 

Zoological  Provinces,  57,  68. 

Zoology,  definition  of,  1. 

Zoospores  of  Alga,  20. 

Zootoca,  634. 

Zygana,  578. 
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